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EXPERIMENTAL STUDIES ON DENGUE 
I, ISOLATION, IDENTIFICATION AND MODIFICATION OF THE VIRUS 


% 


SUSUMU HOTTA 
From the Microbiological Institute of Medical Faculty, Kyoto University, Kyoto, Japan 


In August, 1942 an epidemic of 
dengue broke out suddenly in the 
Nagasaki-Sasebo area of Japan and 
then in the Osaka-Kobe district. The 
infections originated from seamen of the 
Southern Line who fell ill on the home- 
ward voyage and brought the disease 
into Japan proper. The epidemic ceased 
in November, but the next summer it 
started up again and recurred every 
summer until 1945. Meanwhile, other 
cities (Hiroshima, Kure and Fukuoka) 
were also infected. These cities are all 
situated on the seacoast between 33 
and 35 degree north latitudes. The 
number of typical cases was estimated 
at 200,000, but the total number includ- 
ing abortive or suspected cases is con- 
sidered to be much greater. The author 
has conducted observations and experi- 
ments on the disease since the first out- 
break in Nagasaki. 


Isolation of the dengue virus by the 
mouse brain passage method 

White mice weighing 6 to 7 g \. 
used. The original inoculum was heparin- 
ized or defibrinated blood taken from 
dengue patients within 48 hours after 
the first rise of temperature. With these 
materials the brain passage experiments 
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TABLE 1.—Dengue virus strains isolated. 








Number of 

generations 

until May, 
1951 


Place of 
isolation 


Time of 


Name of strain teclation 





om. 1943 Nagasaki 124 
Sept. 1944 Osaka 76 
Aug. 1944 Kyoto 70 


Mochizuki 
Sota 


Kin-A 





were carried out by injecting 0.02 ml of 
a 10% Tyrode-diluted brain emulsion 
into mice of the next generation in- 
tracerebrally. Three strains were iso- 
lated, as shown in table 1. (See also 
fig. 1.) 


Symptoms observed in the infected 


HEPARIN -BLOOD 


GENERATION 
1st 


O 
KILLED ON THE 5TH DAY 
2ND 3 ey 


SEPTEMBER,1943 





3RD 





o pam 


He O 
sehoe 


4TH 


Ae FOO 
‘tx i 


8 
- 
N 





5TH 


oH 
oH 
Oo 
a] 


/. 
ie 


HUMAN EXPERIMENT 
6 O (SEE FIG 7) 
14 


6 6 
14 





6TH 





e\ce 


1TH 


W@ AG OO 
IO ©o© 

Ho NO 

I 





8TH 





9TH 





10TH 





50TH ra 


ia . JANUARY, 1945 
PRESERVED IN 50% GLYCERINE~SAUNE SOLUTION 


124 TH eh 
8 8 MAY,1951 
©: SURV 


VED 
®: DEBILITY \ TRE MOR 
@ : PARALYS 

4: DIED WITHOUT SPECIFIC SYMPTOMS 
NUMERALS INDICATE THE LATENT PERIODS (DAY) 





Fic. 1.—Transmission of dengue virus into 
brains of white mice. Death occurred usually 
within 24 hours after the appearance of symp- 
toms. 
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mice were debility, tremor or paralysis. 
The paralysis was mostly of flaccid 
type and seen mainly in the hind legs. 
Incubation period and lethal rate were 
somewhat inconstant during the earlier 
generations, but after a number of 
passages they became fixed. The intra- 
cerebral LDso titer was in the range of 
10-> to 10-* after the 10th generation 
in the mice mentioned above. The virus 
could also be demonstrated in the blood 
of mice infected by the intracerebral 
route. 

The gross changes in these mice were 
congestion of brain and lungs. In some 
cases small petechiae were seen on the 
meninges or on the surface of the lungs. 
In other organs, generally, a hemor- 
rhagic tendency was observed, although 
after a number of passages its degree 
Histologically, a notable 
picture was found in the nervous system. 
Cell infiltration and glial proliferation 
were seen, and the neurons exhibited 
degenerative changes of varying degree. 
In the lungs congestion of the capillary 
vessels, corresponding to the macro- 
scopic findings, and cell infiltrations in 
the interstitial tissue were observed. In 
the other organs, generally, the walls of 
arterioles and venules were affected. 
Figures 2 through 6 show these changes.* 


decreased. 


Identification of the virus 


Histopathology, incubation in bac- 
terial mfediums and filtration tests with 
brain emulsions from mice so infected 
confirmed that the infective agent 
transmitted into the mice was a virus. 

The virus was nonpathogenic for 

* The author is indebted to Dr. Shigeyasu 
Amano and Dr. Yoshiho Hashimoto of Kyoto 
University for these preparations. 


white rats, rabbits or guinea pigs 
through various routes of inoculation. 
This particular host range and the 
biological features observed in the 
infected mice suggested that the virus 
was different from that of Theiler (1934) 
or of Traub (1935) and that of the 
Lansing type poliomyelitis. Analo- 
gously, the virus differs from the Cox- 
sackie virus which was recently dis- 
covered (Dalldorf and Sickles, 1948). 
The virus was distinguished immuno- 
logically from Japanese B encephalitis 
virus. 

Healthy adults showed the typical 
dengue symptoms after an_ intracu- 
taneous injection of brain emulsion from 
infected mice, under the condition that 
possibilities of natural infection of 
dengue were strictly eliminated. One 
example is shown in figure 7. The indi- 
viduals so infected were refractory 
when, 2 to 7 weeks after the disappear- 
ance of the symptoms, they were 
inoculated with the virulent dengue 
virus of human origin. 

Convalescent serums of dengue pa- 
tients, infected either experimentally 
or naturally, neutralized the isolated 
virus in vitro, while the control serums, 
those of persons with no previous his- 
tory of the disease, did not.f The 
technique of testing was the same as 
with other viruses. The virus-serum 
mixtures were kept at 37 C for two 
hours, at 4 C for two more hours and 
then injected into mice intracerebrally. 

Based on the results above, the 
Mochizuki strain of virus was identified 

t At least within the scope of the author’s ob- 
servations, no normal neutralizing antibody 
against this virus has yet been found in the people 
of Japan. 





Fic. 2.—Brain, grey matter. Cell infiltration and glial proliferation. Hematoxylin-eosin stain. X 448. 
Fic. 3.—Spinal cord, lumbar region. Cell infiltration. Hematoxylin-eosin stain. X70. 

Fic. 4.—Brain. Necrosis in cortex. Nissl stain. X62. 

Fic. 5.—Higher magnification of figure 4. Degeneration of the neurons. X620. 
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infiltration in the interstitial tissue. Hematoxy- 


Lung. Capillary congestion and cell 


lin-eosin stain. X78. 

as dengue virus, although 10 experi- 
ments on mosquito transmission (Sabin, 
1948a) have yet been conducted. The 
other two virus strains, Sota and Kin-A, 
from the 
Mochizuki strain virus either biologically 


could not be distinguished 
or immunologically. It was concluded 
from these facts that these three strains 
the 


of virus were certainly virus of 


dengue. 


Modification of the virus by mouse 
brain passage 


In the course of consecutive trans- 
mission from mouse to mouse, altera- 
tion appeared in the properties of the 
dengue virus, changes being recognized 
in its pathogenicity for human beings 
or in findings from affected mice. 
Pathogenicity of the virus for human 


Hotta 


As far as an intracutaneous 
injection of 0.2 ml of 10° mouse brain 
emulsion is concerned, pathogenicity 
of the Mochizuki strain of virus for 
human beings diminished gradually and 
finally was lost. The aspects are sum- 
marized in table 2. 

Findings in affected mice.—(a) The 
incubation period and lethal rate of the 
murine infection were somewhat incon- 
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stant during earlier generations, but 
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FiG. 7.—Progress of experimental dengue in- 
fection in man. The 5th generation of the mouse- 
transmitted Mochizuki and 
0.2 ml of 10° brain emulsion was injected intra- 


strain was used, 


cutaneously. 


after a number of passages the latent 
period was fixed and the lethal rate was 
practically 100%. (b) the 

mice showed 


In earlier 


generations more only 
debility or tremor but not paralysis, 
while in later generations the majority 
of mice showed paralysis. (c) During the 
the hemorrhagic 


change was found in a majority of the 


earlier generations 


dead mice, but after a number of pas- 
of 


showed the change. These aspects of 


sages a smaller percentage mice 


the Mochizuki strain, which were very 
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TABLE 2. 


Changes in the human pathogenicity of dengue virus in the course of mouse 


brain passage (Mochizuki strain). 


Volunteer 
Num- Time of Incuba- 
ber of tion 


_. mouse — period ___ 
6 S ays 

passage (days) Dura- 

tion 

(days) 


Oct. 
Feb. 1944 
Feb. 1944 
Mar. 1944 
June 1944 
July 1944 
July 194, 
July 1944 
July 1944 
Aug. 1944 
Aug. 1944 
Aug. 1944 
July 1945 


1943 


—— a skin or 
Maxi- 
mum 


Degree 
of 
human- 
patho- 
genicityt 


Blush of Hemor- 
wars aay  Leuco- 
faceand rhagy cyte® 
count 


dermal (100) 


petechiae 


erup- 
tion 


++4 
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* Numerator = minimal number during examination period; denominator =number before the infection 
t Measurements of the mouse-LDs» indicated that the amount of virus contained in the inoculum was almost equal in each 


instance. 


similar to the Sota and Kin-A strains, 
are summarized in table 3 and indicate 
a concurrent relation in the shifts of 
the elements above as well as of human 
pathogenicity. 

The virus was neutralized specifically 
by dengue convalescent serum, even 
after it had changed. No evidence has 
been found, at least from immunological 
tests, that another mouse neurotropic 
virus takes the place. 

The conclusion was drawn from these 
results that the dengue virus changed its 
properties during the course of mouse 


brain passage, wherein especially it lost 
its original human pathogenicity. 


Immunogenicity of the modified 
virus for human beings 


The question of the immunogenic 
properties of the modified virus was 
investigatea as follows. 

Protection from a challenge with un- 
modified dengue virus.—Volunteers were 
injected intracutaneously with 9.2 ml 
at first, and then after a week with 
0.3 ml of active modified virus suspen- 
sion (Mochizuki strain) which had been 


TABLE 3.—Shifts of the properties of dengue virus in the course of mouse 


Virus 


Number 
of mice 
observed 


Pathogenicity in human 


Generation beings* 


36- 50 
161-108 


* Each notation represents one case. 


brain passage (Mochizuki strain). 
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hemorrhagic 
changes were 
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+t Calculated under the degree of confidence of 95%, applying the F-distribution-table. Ex: 8.4-1.1 and 8.4+1.1 are con- 
fidence limits (8.4 is the sample mean). Death usually occurred within 24 hours after the distinct appearance of symptoms. 
Mice which died within 24 hours after inoculation were rejected from the observation. 

¢t Si =number of mice showing only type I symptoms (debility and tremor); S2 «number of mice showing type II symp- 


tom (paralysis) with or without type I symptoms. 
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TABLE 4.—Experiments of human immunization 
with the active modified dengue virus. 





Volunteers 





of 
neutral- Infection* 
izing 


antibody 


Immunized 21 f 
25 - 


Control 34 
17 
Immunized 26 
27 


Control 44 - 
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The experiments were conducted during the period from 
July to Sept. of 1944. No possibilities of natural infection of 
dengue were in evidence. 

* Degree of the symptoms induced after the challenge, 
the symbols of which may be interpreted with those ex- 
pressed in table 2. 

t On the 10th day after the challenge there occurred a 
transient fever of 37.3 C. Except for that, no particular 
signs were found either subjectively or objectively. No con- 
oe evidence could be obtained about the cause of the 

ever. 


obtained from brains of infected mice 
and adjusted to contain 10° times 
mouse-LD5o per 0.02 ml. No abnormal 
signs were observed either subjectively 
or objectively, except for slight pruritis 
or slight induration appearing at the 
injected Two weeks after the 
second inoculation the volunteers’ se- 
rums were separated to test their neu- 
tralizing power in vitro against the 
mouse passage virus. Then the volun- 
teers were injected intracutaneously 
with fresh serum from a dengue patient 
of the febrile stage. As a control, the 
same tests were made on other volun- 
teers who had had no previous treat- 
ments. All investigations were carried 
on in a place where at the time there 
were neither typical nor suspected 
cases of dengue, and all volunteers 
were isolated in a hospital during the 
observation periods. The main points 
of these experiments are summarized in 
table 4. The immunized persons were 
protected from an attack with dengue 
virus virulent for nonimmunized indi- 
viduals. Even when infection occurred 
in the immunized group, symptoms 
were milder than those of the control 
group. It was possible to conclude from 


site. 


these results that the modified virus 
was able to stimulate a solid immunity 
against the unmodified dengue virus in 
man. No experimentation has yet been 
conducted on protection from dengue 
challenged by infected mosquitoes. 

Twelve adults living in the city of 
Osaka were injected intracutaneously 
first (Aug. 3, 1945) with 0.2 ml and 
next, after 8 days, with 0.5 ml of an 
equal ratio mixture of active virus 
suspensions prepared as above from 
the Mochizuki, Sota and Kin-A strains, 
respectively. All individuals showed no 
abnormal signs after the injections. 
They remained well during the Osaka 
epidemic of 1945, although the observa- 
tions were not made under strict con- 
trol. 

Titration of neutralizing antibody pro- 
duced after inoculation of active modified 
virus.—Four adults were inoculated 
with active modified virus suspension 
in the same manner as described for the 
protection tests above. Two ,subjects 
had a previous history of dengue, being 
infected 47 and 36 months ago, re- 
spectively, and the other two had 
none. They were all in good health 
for 6 months before and after the 
inoculations and had no chance of any 
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Fic. 8.—Shift of neutralizing antibody pro- 
duced after inoculations of active modified 
dengue virus. Revaccination was made with an 
intracutaneous injection of 0.3 ml of the material] 
15 weeks after the 2nd inoculation, 
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vaccination. Their syphilitic seroreac- 
tions (Wassermann and Sachs-Georgi) 
were all negative. At various times the 
serum of each person was taken, and 
the neutralizing power to the mouse- 
fixed Mochizuki strain was measured. 
Technical principles of the titration 
were identical with those presented by 
Sabin (1948c), except that the dilutions 
of the elements were made with Tyrode’s 
solution. Results obtained are _ illus- 
trated in figure 8. (a) In the two normal 
persons the antibody titer reached its 
practical maximum 2 weeks after the 
second inoculation and remained at the 
maximal level for at least 8 weeks. (b) 
In the two subjects with previous 
history of dengue the antibody titer 
rose rapidly after the first inoculation, 
reached a maximum higher than that 
of those without history of the disease 
and was stable for 18 weeks, showing 


TABLE 5.—Reisolation of the modified dengue virus 
from a volunteer injected with the active virus. 
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* Viruses which were unable to be distinguished from the 
original Mochizuki strain either biologically or immunologi- 
cally were recovered by mouse brain passage. 

¢t Number of days after the first injection. 

~ Numerator =mice showing the characteristic symp- 
toms; denominator = mice inoculated with the materials, 
including the cases of noncharacteristic death. 

§ The average, where two or more mice were involved. 


little fluctuation. (c) The titer increased 
promptly after reinoculation. 
Reisolation of the virus from a volunteer 
injected with active virus 


A healthy adult was injected intra- 
cutaneously with a suspension of modi- 
fied dengue virus (Mochizuki strain), 
the concentration of which was 10*-7? 
times mouse-LDso per 0.02 ml. The 
injected dose was first 0.2 ml, and then 
0.3 ml after 8 days. After the first 
injection, blood was taken every 12 
hours and heparinized, and 0.02 ml of 
it was injected intracerebrally into mice 
weighing 6 to 7 g, to observe if it con- 
tained active virus. The same investi- 
gations were also made with milk 
because the volunteer was just in the 
lactation stage. The volunteer showed 
no abnormal signs either subjectively or 
objectively after the inoculations. Re- 
sults obtained are shown in table 5. 

From the mice marked with the as- 
terisk in table 5, virus which could not 
be distinguished from the original 
Mochizuki strain, either biologically or 
immunologically, was recovered by 
mouse brain passage. One of the newly 
isolated strains was injected intra- 
cutaneously into a volunteer, but no 
abnormal signs were observed. 


DISCUSSION 


The work of Ashburn and Craig 
(1907) showed that the etiologic agent 
of dengue is a virus and that the virus 
is contained in the patient’s blood dur- 
ing the febrile stage. Later Simmons 
et al (1931) reported on the experimen- 
tal aspects of the disease. But many 
attempts to transmit the virus into 
ordinary laboratory animals and pro- 
duce a specific change in them gave 
only negative results (Doerr, 1930; 
Sabin, 1948b). From 1943 to 1945, how- 
ever, a number of Japanese investigators 





8 Susumu Hotta 


(Kobayashi et al; Taniguchi et al, Yaoi 
and Arakawa, Ishii et al, Takenouchi 
et al, Toda and Nakagawa, Hayashi, 
Misao and Yamada), reported success- 
ful results, especially with mice, though 
not necessarily all of them received com- 
plete approval from other workers, and 
some were unable to prove their work 
with certainty (Hotta, 1947). During 
the same period a mouse-transmitted 
dengue virus was isolated by American 
investigators and comprehensive work of 
the subject was made with notable suc- 
cess (Sabin and Schlesinger, 1945; Sabin, 
1948b). The author also had an oppor- 
tunity to conduct research studies on 
the disease during the epidemic in Japan 
from 1942 to 1945 and was able to dem- 
onstrate three strains of the virus by 
injecting patient’s blood into white mice 
intracerebrally. The mice inoculated 
with the virus showed definite symp- 
toms characterized by debility, tremor 
or paralysis, and manifested marked 
pathological and anatomical changes, 
which included effects on the central 
nervous system and hemorrhagic tend- 
ency of varying degrees in different parts 
of the body. The virus was identified 
to be the virus of dengue, through pro- 
cedures including human inoculation ex- 
periments and _ neutralization tests. 
Moreover, it has been reported that 
Sabin's virus and the author’s, which 
were recovered independently, had the 
same biological and immunological prop- 
erties (Sabin, 1948a and 1950). It can 
be established from these investigations 
that the isolation of dengue virus is 
possible, although fairly difficult, by the 
method of mouse brain passage. 

Sabin and Schlesinger (1945) reported 
that their Hawaii strain of dengue virus 
was modified by propagation in mice. The 
author’s studies conducted independ- 


ently obtained results essentially iden- 
tical with that of Sabin and Schlesinger: 
in the course of serial passage through 


mouse brains, human pathogenicity of 
the Mochizuki strain of dengue virus 
was gradually diminishec and finally 
lost; but the individuals inoculated with 
the modified virus were refractory to 
subsequent injection of a highly virulent 
dengue serum, and virus-neutralizing 
antibody was shown to be produced in 
the serum. The shift of the neutralizing 
titers indicated that an anamnestic 
seroreaction was evidently present in 
the dengue antibody, too, and that a 
stronger immunity was acquired by re- 
peated inoculations. 

Sabin’s studies (1948b) indicated that 
blood of persons inoculated with early 
passages of the mouse-adapted Hawaii 
strain of virus was able to cause a modi- 
fied infection in human’ volunteers. 
Similarly, a modified infection was pro- 
duced by the bite of mosquitoes which 
had fed on human beings inoculated 
with early passages of his mouse-passage 
virus. In the author’s experiment a virus 
undistinguishable from the modified 
Mochizuki strain was isolated from the 
blood and also from the milk of a person 
injected with the active virus. The re- 
sult suggested that the modified dengue 
virus multiplied in the human body 
without exerting a harmful influence 
upon the host or without recovering the 
original virulence. Further studies, how- 
ever, are necessary to establish this con- 
clusion which was made from a single 
positive result. 

It has been established that vaccinia 
virus and fixed rabies virus are able to 
produce a solid immunity against small- 
pox and street rabies, respectively, in 
human beings if the inoculation occurs 
while the virus is active. Later, atten- 
uated yellow fever virus was secured 
and is now in use for human vaccination 
(Theiler, 1948). Results obtained on 
dengue virus have been encouraging 
enough to conduct further investiga- 
tions, including a field trial. 
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SUMMARY 

During dengue epidemics in Japan 
from 1942 to 1945, three strains of 
dengue virus were isolated by injecting 
patient’s blood, taken during the febrile 
stage, into brains of white mice and 
carrying on mouse brain passage there- 
after. 

Serial 


through 


the virus 
brains resulted in a 
change in its properties. It lost its abil- 
ity to induce in humans symptoms char- 


transmission of 
mouse 


acteristic of the original disease, but 
was still able to produce in inoculated 
persons a protective immunity against 


virulent dengue virus as well as virus- 


neutralizing antibody. 

Titration of the neutralizing antibody 
produced was performed. The virus was 
reisolated from a person so inoculated. 
The immunological and biological as- 
pects have been discussed. 
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EXPERIMENTAL STUDIES ON DENGUE 


Il. A SKIN REACTION OBSERVED DURING THE EPIDEMIC OF OSAKA, JAPAN, IN 1944 


SUSUMU HOTTA 
From the Microbiological Institute of Medical Faculty, Kyoto University, Kyoto, Japan 


From August to October, 1944 an 
epidemic of dengue occurred in the 
Osaka-Kobe district. The total number 
of typical cases was estimated to be at 
least 100,000. The location of the first 
onset was the Kitahama area, which in- 
cludes a famous stock brokerage street 
with many banks and offices. The living 
standard of the inhabitants is relatively 
high. During the epidemic a skin reac- 
tion of the patients was observed and in- 
vestigated. 


MATERIALS AND METHODS 


Twenty inhabitants of the infected area whose 
disease during the epidemic was diagnosed as 
typical dengue were examined. Eighteen of them 
were in the febrile stage, but two were tested after 
the disappearance of fever. No regard was paid to 
sex, age, occupation or living standard. Selection 
of the cases was made evenly within the infected 
zone, eliminating a regional partiality. 

Antigen.—From mice showing typical signs of 
infection after an intracerebral inoculation of 
dengue virus, the brains were removed and 
ground into a homogeneous emulsion with Ty- 
rode’s solution. The emulsion was centrifuged at 
3000 r.p.m. for 30 minutes, and the supernatant 
fluid was taken out. Its virus concentration was 
adjusted to 10* times mouse LDgo per 0.02 ml. 
The fluid was heated at 60 C for 60 minutes in a 
bath to inactivate the virus completely. The pH 
of the fluid was 7.4 to 7.6, owing to the buffer 
effect of Tyrode's solution. When the fluid was 
acid, it was adjusted to pH 7.4 by the addition of 
sodium hydroxide. If there was a sedimentation, 
centrifugation was repeated. No disinfecting 
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agents such as carbolic acid or formalin were 
added, the entire procedure being carried out 
aseptically. The opalescent liquid thus obtained 
was used as the antigen and stored at 4 C. 

One-tenth ml of the antigen above was injected 
into stretched skin of the patient’s upper arm. 
Five to 10 hours after injection, induration ap- 
peared at the site and was accompanied by a red 
circular patch. In 5 cases vesicles were formed 
or necrosis appeared. Subjectively there were 
local pruritis and stinging. No cases of prolonged 
ulceration nor any with symptoms more severe or 
prolonged than those of the original process were 
found. The diameters of these reactions were 
measured at 24 hours and again 48 hours after in- 
jection. 

Control test.—As controls, (a) fluid prepared 
from normal mouse brain in the same manner as 
the antigen was injected into the corresponding 
point of the opposite arm, and (b) the same ob- 
servations were made after injecting the antigen 
and control fluids into healthy adults and into 
patients with other acute, febrile and eruptive 
diseases. 

RESULTS 


From the results obtained. (tables 1 
and 2) it was apparent that: (a) Dengue 
patients reacted specifically to the anti- 
gen. (b) Seven patients with scarlet 
fever showed no reaction; 5 with ty- 
phoid fever and one with murine typhus 
showed a distinct but generally lesser re- 
action. (c) Three healthy adults showed 
no reaction. (d) No group reacted to the 
control fluid. However, the reaction of 
the dengue group was not uniform. Dur- 
ing the earlier stage of illness, on the 
first or second day of disease (8 cases), 
the reactions were somewhat weak and 
irregular 24 hours after injection and be- 
came more distinct after 48 hours. On 
the other hand, when antigen was in- 
jected on or after the third day of dis- 
ease (12 cases), reactions after 24 hours 
were constant and somewhat more dis- 
tinct than those after 48 hours. 
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SKIN REACTION IN DENGUE 


TABLE 1.—Reactions of dengue patients. 
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* Vesicle formation or necrosis. 


Statistical evaluation 

Statistical analyses were made to 
clarify the results and to set a border 
line for positive and negative reactions. 
Samples of the dengue group (table 1) 
were divided as follows: (a) injected dur- 
ing the first two days of illness, indura- 
tion, 24 hours; (b) injected during the 
first two days of illness, induration, 48 
hours; (c) injected during the first two 
days of illness, red patch, 24 hours; (d) 
injected during the first two days of ill- 
ness, red patch, 48 hours; (e) injected on 
or after the third day of illness, indura- 
tion, 24 hours; (f) injected on or after 


TABLE 2.—Reactions of control patients. 


Fever above Antigen 


the third day of illness, induration, 48 
hours; (g) injected on or after the third 
day of illness, red patch, 24 hours; (h) 
injected on or after the third day of ill- 
ness, red patch, 48 hours. Vesicle forma- 
tion and necrosis were included in in- 
duration. 

The mean of the population, which 
was assumed to be normally distributed, 
estimated under the degree of confidence 
of 95%, was calculated. Calculations 
were made using the small sampling 
method (Snedecor, 1940; Fisher, 1941), 
and the following values were obtained 
for groups (a) through (h), respectively: 


Control fluid 





Day of 
illness 


37 C on day 


of exam- Induration 
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Induration Red patch 





ination 48 hr. 


24 hr. 24 hr. 
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2.7+1.8 mm, 5.5+0.8, 8.9+7.5, 6.6 
£236, 7.20.9, $.222.5, 10.04 2.7, 64 
+ 3.0. Values under the level of signifi- 
cance of 1% were rejected (according to 
Thompson, 1935), and each mean of 
universe of groups (b), (d), (e) and (g) 
was calculated again, obtaining values 
as follows: (b) 5.5+0.8, (d) 7.6+1.2, 
(e) 7.2+0.9, (g) 8.9+1.1. The means of 
universe of the typhoid fever group 
(table 2), calculated similarly, were as 
follows: induration, +2.2+2.8, 
patch £2.6+4.6. 


red 


DISCUSSION 

Antigen prepared from brain of mice 
infected with dengue virus was injected 
intracutaneously into dengue patients, 
patients suffering from other acute, 
febrile and eruptive diseases, and into 
healthy adults. Reactions from injection 
were an induration, a red circular patch 
or a combination of these two at the site, 
with vesicle formation or necrosis under 
certain conditions. Comparing the de- 
gree of the reactions (indicated by the 
diameter of the changes observed) of 
each subject, it was found that the re- 
action in dengue patients was constant 
and most distinct. However, the de- 
gree of reaction in dengue patients dif- 
fered according to the stage of illness. 
The mean indicated 
that the reactions were practically con- 


values obtained 


stant 48 hours after injection of antigen 
for patients in the first two days of dis- 
ease, and 24 hours for those injected on 
or after the third day of disease. The re- 
sults seemed to show that the reactions 
were most distinct on the 4th, 5th or 6th 
day of disease or later in dengue. 
Diagnosis of dengue is relatively easy 
during the epidemic except under the 
following conditions: (a) at the onset of 
the epidemic, (b) in the diagnosis of 
atypical cases and (c) in the differenti- 
ation from other acute, febrile and erup- 
tive diseases found during the dengue 
epidemic. Isolation of the virus is usu- 


ally difficult. Serological methods can be 
used. If it is shown that specific anti- 
bodies against dengue virus are absent 
or present in small amount in a patient's 
serum during the acute stage and have 
appeared or increased during the con- 
valescent stage, the disease should be 
suspected of being dengue (Sabin, 1948; 
Schlesinger, 1949). The skin reaction de- 
scribed above may be useful as another 
method for diagnosis of dengue. Al- 
though the nature of this reaction has 
remained unexplained, it is rational to 
think that it is similar to that of lym- 
phogranuloma venerum described by 


Frei (1925). 


SUMMARY 


Observations were made concerning a 


skin reaction after injecting dengue pa- 
tients intracutaneously with antigen 
prepared from brains of mice infected 
with dengue virus. The reaction, ap- 
pearing at the injected site as indura- 
tion, red circular patch or a combination 
of these two, including vesicle formation 
or necrosis under certain conditions, was 
considered to be specific for dengue. The 
borderline of the positive appearance 
has been discussed statistically. 
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A CLOUD CHAMBER FOR THE UNIFORM AIR-BORNE 
‘ INOCULATION OF MICE 


EMILIO WEISS* AND J. C. SEGELER 
From the Department of Bacteriology and Parasitology and the Power Plant, 
The University of Chicago, Chicago 37, Illinois 


It has been clearly pointed out by 
many investigators (see review by Rose- 
bury, 1947) that the dynamics of air- 
borne infections can best be investi- 
gated by exposing experimental animals 
to atmospheres containing pathogens 
dispersed as fine droplets. Since exten- 
sive studies of respiratory infections 
with agents of the psittacosis-lympho- 
granuloma group were planned, a cloud 
chamber was constructed for the uni- 
form air-borne inoculation of mice. 
Many features of cloud chambers al- 
ready used at the University of Chicago 
in the Department of Medicine (Loosli 
et al, 1943; Sonkin, 1951) were included 
in the design. However, other features 
were added to provide for conditions of 
safety which would not limit research to 


agents nonpathogenic to man. The 


over-all design was kept as simple as 
possible, so that additional mechanical 
devices could be added as they were 
needed. 


The present paper describes the cloud 
chamber and illustrates its operation 
with a bacterial and viral agent. 
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MATERIALS AND METHODS 


The mice used in these experiments were Swiss 
Albino (Webster strain) obtained from Markham 
Laboratories of Chicago, Illinois. On repeated 
examinations they were shown to be free from 
agents causing pneumonia in mice. Young mice 
weighing an average of 8 g as well as full grown 
ones weighing 25 g or more were used, but in any 
one experiment the mice were of the same age 
group. 

A strain of Serratia marcescens producing an 
intensely red pigment was obtained from the de- 
partmental curator’s collection. The strain of 
murine pneumonitis virus used in this investiga- 
tion was first isolated by Gordon in 1941 and sub- 
sequently described by several investigators 
(Karr, 1943; Hilleman, 1945; St. John and Gor- 
don, 1947; and Weiss, 1949). 

Virus suspensions were prepared from heavily 
infected mouse lungs. Usually 5 or 6 lungs were 
placed in a tissue homogenizer and 12 ml of veal 
broth added. The tissues were then 
homogenized, the suspension centrifuged for 10 
minutes at 1200 r.p.m. to eliminate the larger 
tissue particles, and the supernatant quickly 
frozen and stored at —76 C. All virus pools were 
tested for bacterial contamination by inoculating 
thioglycollate broth tubes with 0.1 ml aliquots 
from each pool. Bacterially contaminated pools 
were discarded. 


infusion 


The statistical significance of differences in the 
mean survival time of the various groups of mice 
was determined by calculation of the standard 
error of the difference of the means, ¢t and P, in the 
manner described by Mather (1947), 


APPARATUS 


The general arrangement of the labo- 
ratory apparatus is illustrated in figure 
1. Briefly it can be described as follows: 

The cloud chamberf (fig. 2) is of the 
dynamic flow type and is essentially a 
734 cubic foot aluminum box containing 


¢t The cloud chamber was fabricated by Mr. 
Emil Mott, machinist of the Dept. of Anatomy 
of the University of Chicago. 
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Arrangement of laboratory apparatus: A. Laboratory hoods; B. cloud chamber; C. atom- 


izer; D. steam-jet evactor; E. retention chamber; F. steam control valve; G. back pressure control 


valve; H. hood exhaust fans; I. air flow meter (orifice type); J. manometer; K. pressure gauges; 
L. thermometer; M. exhaust head (above roof). 


a single layer of cages capable of harbor- 
ing 108 mice in individual compart- 
ments. The aerosol is produced by a 
modified DeVilbiss 40 atomizer (fig. 2 
and 3) operated by 10 lbs. air pressure, 
and is rapidly mixed with air drawn into 
the chamber through 4 adjacent port- 
holes. The aerosol-air mixture rapidly 
diffuses above and through the mouse 
cages and eventually flows into the ex- 
haust pipe outlets. The atomizer and 
the exhaust outlets are located on op- 
posite walls, the former above and the 
latter below the cages, in order to allow 
the most complete diffusion of aerosol- 
air mixture throughout the cloud cham- 
ber. 

The flow system (fig. 1) serves the 
dual purpose of (1) diffusing the aerosol 
by drawing air at a continuous and uni- 
form rate into and through the cloud 
chamber and (2) decontaminating the 


aerosol-air mixture after it leaves the 
cloud chamber. Air flow is produced by 
means of a steam jet evactor capable of 
drawing air at a maximum rate of 13 
cubic feet per minute, or nearly two 
cloud chamber volumes per minute. The 
aerosol-air mixture leaving the cloud 
chamber is further drawn by the steam 
jet evactor into a retention chamber and 
maintained there at a temperature of 
99 C, under 1 Ib pressure, for a period of 
at least 30 seconds and finally elimi- 
nated through a back-pressure control 
valve to outdoors. Should the nature of 
the experiment require it, the flow sys- 
tem could be adapted to produce higher 
temperatures for decontamination, by 
increasing the steam pressure, modify- 
ing the steam-jet evactor design, and by 
increasing the pressure in the retention 
chamber. 

The cloud chamber is enclosed in a 





AIR-BORNE INOCULATION OF MICI 
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double protective hood which has its 
own exhaust system and also ultraviolet 
lamps for decontamination. 


The cloud chamber (fig. 2). 


is an aluminum box, made airtight by welding, 


The cloud chamber 


30 inches long, 24 inches wide, and 18 inches high 
Ihe front has a 16X12 inch leucite window, held 
firmly in place by metallic strips lined with rubber 
gaskets. It can easily be removed in order to clean 
the chamber between operations. The top has a 
round central window, 6 inches in diameter, 
which allows light to penetrate at an angle and 
illuminate the aerosol particles. The door is on 
the right side and is 10 inches high and wide 
enough to allow the tray supporting the mouse 
cages to be pulled in and out. It is well fitted with 
rubber gaskets and can be tightly closed. The 
portholes for the atomizer are located above the 
door in the center of the wall. The atomizer itself 
is fitted into a central 1 inch porthole of an air 
inlet diffuser plate having 4 additional adjustable 
} inch air intakes. Two { inch exhaust air outlet 
pipes open on the other side below the cages, one 
near each corner, and are connected to the inlet 
of the steam-jet evactor. 

The mouse cages (fig. 2).—An open metallic 
trav made of thin aluminum strips to allow free 
flow of air is inserted 4 inches above the floor of 
the cloud chamber. It supports 3 rows of 3 cages 
(9 in all) 9} inches long, 6} inches wide, and 3} 


inches high. Each cage has 2 rows of 6 compart- 


The cloud chamber. 


ments, or 108 compartments altogether. The 
cages have sliding doors at the top and are en- 
tirely made of stainless steel wire mesh (3 meshes 
per inch) supported only by metallic 
strips which do not interfere with the free flow of 


air through the cages. 


narrow 


The atomizer (tig. 2 and 3) The atomizer used 
is similar to the De Vilbiss 40 type described by 
Rosebury (1947, p. 83). It operates on the princi- 
ples that a jet of air, as it emerges from an orifice, 


induces a fall of pressure around it and aspirates 


fluid from an orifice placed in the low pressure 


area. Air is channeled througn a straight capillary 
tube into the chamber containing the inoculum 








aProzrIn 


Fic. 3.—Diagram of the acomizer 
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Nutrient agar plates exposed to an aerosol of Serratia marcescens. Plates 1-9 were placed 


inside the cloud chamber one on top of each cage; plates 10-25 were kept in various positions outside 
the cloud chamber to determine whether any organisms escaped from the cloud chamber or flow 
system under ordinary operating procedures. (See text for precise location.) Note the pigmented 
colonies covering plates 1-9 and completely absent from plates 10-25. 


and opens approximately an inch above the level 
of the fluid. A fine spray is produced as the inocu- 
lum is aspirated from a contiguous capillary. The 
larger particles hit the walls of the chamber and 
fall into the main reservoir, and only the smaller 
ones escape through the opening, which is at a 
105° angle to the flow of air. The atomizer differs 
from the standard De Vilbiss 40 in that a second 
opening near the orifices is absent and the outlet 
is fused to a half glass joint which may be inserted 
by means of a rubber stopper into the atomizer 
porthole of the cloud chamber. The capacity of 
10 Ib 
pressure air line 8 ml are atomized in about 40 
minutes. 

The flow system (tig. 1). 
is an Elliott Company 


the atomizer is about 10 ml and with a 


The steam-jet evactor 
type “F”’, 
operating at a maximum steam inlet pressure of 


l-inch size, 
70 pounds per square inch (p.s.i.) and a retention 
chamber back-pressure of 1 p.s.i. gage. Air flow 
rate is measured by a Trimount model GE-4-3-E 
indicating flowmeter of the thin-plate orifice type 
having a maximum capacity of 13 cubic feet per 
(c.f.m.). A model 2-12-3-E 
manometer indicates the degree of vacuum at- 


minute trimount 
tained in the cloud chamber and exhaust piping 
and serves as a guide in the adjustment of the 
atomizer air inlet ports and steam-jet steam pres- 
sure. The retention chamber is of 8-inch steel 
pipe, 32 feet total length. A Boylston model 211, 
2-inch, back-pressure valve regulates the pressure 
maintained in the retention chamber.* 

* Higher steam pressure would allow greater 
flexibility of operation. For example, with 150 
p.s.i. of steam pressure 5 p.s.i. could be main- 
tained in the retention chamber and the air in the 


The hood ventilation system.—To provide for 
additional safety for the operators, hood ventila- 
tion was calculated on the basis of an air velocity 
of 50 feet per minute across the face of the hoods 
with the doors wide open. 


OPERATION OF THE CLOUD CHAMBER 
Safety of operation. 
tion of the cloud chamber is mainly 


Safety of opera- 


based on the difference in air pressure 
between cloud chamber, 


maintained by the flow system. In ordi- 


room and 
nary runs the cloud chamber is evacu- 
ated at the rate of 1 to 2 cloud chamber 
volumes per minute. Because of the 
small size of the portholes and consider- 
able airtightness of the chamber, this 
difference is sufficient to keep the aero- 
sol well inside the chamber. The decon- 
tamination chamber keeps the exhaust 
air-vapor mixture for at least 30 seconds 
at 99 C and is believed to be sufficient 
to destroy nonsporeformers of ordinary 
heat resistance. 

Additional protection in handling the 
animals after cloud chamber exposure is 
given by the negative pressure in the 
hood. Furthermore, under some circum- 
stances the ultraviolet lamps may be 
used. 


cloud chamber exchanged at the rate of approxi- 
mately 30 c.f.m, 
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The actual conditions of safety in the 
operation of the cloud chamber were test- 
ed in the following experiment (fig. 4): 
Nine open nutrient agar Petri dishes(1 to 
9) were placed in thecloudchamber,oneon 
top of each mouse cage. Other Petri dishes 
were placed outside the cloud chamber 
in various positions where aerosol might 
conceivably be expected to leak. Plates 
10 and 11 were placed face down on the 
top window. Plates 12, 13, and 14 faced 
the atomizer, the air intakes, and the 
door at a distance of 4 to 6 inches, Plates 
15, 16, and 17 faced the front window of 
the cloud chamber inside the hood, and 
plates 18, 19, and 20 were placed in a 
similar position just outside the hood. 
Plates 21, 22, 23 were placed at various 
places along the exhaust pipes. Finally 
plates 24 and 25 were placed on the roof 
facing the two exhaust outlets of the 
hood. No plates were placed near the 
cloud chamber steam exhaust, because 
the heat would have melted the agar. 

A 24-hour veal infusion broth culture 
of Serratia marcescens was then atom- 
ized under conditions simulating a regu- 
lar cloud chamber run. Before atomiz- 
ing the broth culture, the steam was al- 
lowed to flow and bring the temperature 
of the retention chamber up to 99 C. 
Atomization was then started by means 
of a 10 lb pressure air line, while the air 
from the cloud chamber was evacuated 
at the rate of 1 volume per minute. After 
40 minutes about 8 ml were dispersed 
and atomization discontinued. Air was 
allowed to flow through the cloud cham- 
ber for an additional 15 minutes and the 
door finally opened for 5 minutes. The 
plates were then covered and incubated 
for 24 hours at 37 C. 

The results are shown in figure 4. The 
plates exposed to the aerosol in the 
cloud chamber were covered with in- 
numerable typical red pigmented col- 
onies. The plates exposed outside the 
cloud chamber contained variable num- 


bers of common air contaminants. 
Plates 24 and 25 were especially heavily 
contaminated because air was funnelled 
through the exhaust systems of the hood 
onto them. However, red pigmented 
colonies were not found in any of the 
plates outside the cloud chamber. 

The experiment clearly proved that 
atomized bacteria, under the conditions 
of the experiment, remained strictly 
confined to the cloud chamber and its 
exhaust system. 
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Fic. 5.—Distribution of bacteria throughout 
the cloud chamber. The numbers in each circle 
represent the colony counts of nutrient agar 
plates exposed to aerosols of Serratia marcescens, 
one on top of each cage. 


Uniformity of distribution of the aero- 
sol.—The principal purpose of the cloud 
chamber was to obtain a tool for the 
uniform air-borne inoculation of mice. 
The uniformity of distribution of the 
aerosol throughout the cloud chamber 
was tested in the following experiments: 

Preliminary tests were performed 
with Serratia marcescens. As in the pre- 
vious experiment, nutrient agar plates 
were placed on top of each cage and ex- 
posed to aerosols of diluted bacterial 
cultures. Figure 5 shows the added re- 
sults of 3 runs. The number of organisms 
collected on top of each cage vary from 
37 to 67 and differences do not appear 
significant. 

The results of these preliminary ex- 
periments are only of limited value, be- 
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Fic. 6.—Effect of aerosol of murine pneumo- 
nitis virus inhaled by mice in the 9 cages of the 
cloud chamber. The large numbers represent 
mice dying in each cage after exactly 50% of the 
whole group had died. The numbers in brackets 
represent mean survival time in each cage. 
* Traumatic death; ** bacterial death; *** sur- 
vival at 28 days. 
cause (1) the organisms were collected 
on top and not inside the cages and (2) 
the plates modified the course of the 
flow of air through the cages. There- 
fore, a more accurate experiment was 
performed with the agent of murine 
pneumonitis by infecting 54 mice oc- 


" MURINE PNEUMONITIS 
1:100 
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Number of mice dying daily 
ao 


2 





cupying alternate compartments in the 
cages. 

About 8 ml of a 1:100 suspension of 
murine pneumonitis virus were atom- 
ized in about 40 minutes, while the air in 
the cloud chamber was exchanged at the 
rate of 13 cubic feet per minute. The 
position of each mouse in the cloud 
chamber was noted and its survival time 
recorded. 

The results are summarized in figure 
6. Note that two nonspecific deaths oc- 
curred (one traumatic and one bac- 
terial), which are not counted. The mice 
died between the 12th and the 24th day, 
except for one which survived and was 
killed on the 28th day. The effect pro- 
duced by the aerosol corresponded ap- 
proximately to an intranasal inoculation 
of a 10-° dilution of the same pool of 
virus. In figure 7 the distribution of 
deaths is recorded after exactly 50% of 
the mice had died. Obviously there is no 
significant difference among the 9 cages. 
This is even more apparent when the 
deaths occurring in 3 consecutive cages 


52 MICE 


35 MICE 





ls 
Days after inoculation 
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pneumonitis virus. 


Distribution of mouse deaths after cloud chamber exposure to two concentrations of murine 
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are added up. For example: 


First row 34+3+42= 8 
Second row 4+4+3=11 
Third row 2+2+3= 7 


Total no. of mice, 17 
Total no. of mice, 17 
Total no. of mice, 18 


or 


First column 3+4+2=9 Total no. of mice, 17 
Second column 3+4+2=9 Total no. of mice, 17 
Third column 2+3+3=8 Total no. of mice, 18 


Figure 7 also records the average sur- 
vival time of the mice in each cage. The 
only surviving mouse had extensive con- 
solidation of the lungs when autopsied 
on the 28th day, and its survival time 
was recorded as 28 days. Differences in 
survival time among the various cages 
are remarkably small, with the excep- 
tion of cage 5. The survival time of the 
mice in that cage is significantly lower 
than that of mice in other cages. For ex- 
ample, if the test for the significance of 
the difference of the means (/ test) is ap- 
plied, the probability (P) that the dif- 
ference between survival time in cage 5 
and the general average (17.5) is due to 
chance equals 0.02. On the other hand, 
the difference between the highest sur- 
vival (cage 3, 19.1) and the general 
average is not significant (P=0.22). 
However, a concurrent unidentified bac- 
terial infection possibly played a role in 
lowering the survival time in cage 5. In 
fact, one mouse in that cage had died of 
bacterial infection and others appeared 
sick during most of the latent period of 
murine pneumonitis infection. 

In spite of this discrepancy, differ- 
ences in the average survival times in 
any three consecutive cages appear in- 
significant: 
17.6+0.6 
16.6+1.0 


First row 
Second row 
Third row 
First column 
Second column 
Third column 


The difference between the lowest of the 
above survival times (second row, 16.6) 


and the highest (third row, 18.1) has a 
P value of 0.15. 

The results clearly indicate that un- 
der the conditions of the experiment 
mice are uniformly exposed to an aero- 
sol in the cloud chamber. 


AIR-BORNE INFECTION WITH THE 
AGENT OF MURINE PNEUMONITIS 

The experiment just described indi- 
cates that inoculation of mice in the 
cloud chamber is very wasteful of virus. 
In fact, it is calculated on the basis of 
titration by the intranasal route that 
only 1/5000th of the virus actually 
reached the mouse lungs. Some of the 
loss can be prevented, without impair- 
ing the distribution of the aerosol or 
safety of operation, by evacuating the 
air in the cloud chamber at the rate of 
6 cubic feet per minute instead of 13. 
Furthermore, the same inoculum can in- 
fect the full load of 108 mice as well as 
one only. 

Humidity plays an important role in 
determining the effectiveness of inocula- 
tion. Most of the mice survive even with 
highly concentrated inoculums when 
the relative humidity of the room is 
50% to 60%. These results agree with 
those reported by Rosebury (1947) for 
the agents of meningopneumonitis and 
psittacosis. Although the optimum hu- 
midity for the effective inoculation with 
the agent of murine pneumonitis has not 
been determined, excellent results were 
obtained when the relative humidity of 
the room was only 35%. 

Figure 7 illustrates the distribution of 
mouse deaths after cloud chamber in- 
oculation with 1:100 and 1:10 suspen- 
sions of murine pneumonitis virus. Two 
characteristics of the virus become ap- 
parent. The virulence for individual 
mice varies greatly. With the smaller 
inoculum, deaths extend from 12 to 24 
days, with one survivor. With the more 
concentrated inoculum, deaths occur 
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between the 7th and the 13th day, with 
isolated deaths at 5 and 16 days. Fur- 
thermore, acquired resistance is gained 
very slowly by the mice, since mice con- 
tinue to die for 24 days. In other experi- 
ments with even smaller inoculums 
deaths continue for as long as 40 days. 
Furthermore, mice autopsied at various 
intervals of time contain progressive 
lesions for 4 to 5 weeks. 

Of interest also is the finding that 
mice of all age groups are highly sus- 
ceptible to infection. Incomplete data 
even indicate that susceptibility in- 
creases with the advancing age of the 
mice. 


SUMMARY AND CONCLUSIONS 


A cloud chamber of the dynamic flow 
type for the simultaneous air-borne in- 
oculation of as many as 108 mice has 
been constructed. The inoculation is ef- 
fected by a modified De Vilbiss 40 
atomizer operated at 10 lb air pressure. 
The aerosol is rapidly mixed with in- 
coming air, the aerosol-air mixture dif- 
fuses above the cages, it is drawn 
through them, and eventually flows into 
the exhaust system. The exhaust is 
operated by a steam jet evactor which 
serves the dual goal of drawing air into 
and through the cloud chamber for the 
dual purpose of mixing the aerosol and 
pulling the aerosol-air mixture into the 
decontamination chamber, where it is 
maintained for at least 30 seconds at 


99 C, 


Extensive tests revealed that under 
ordinary operating conditions the inocu- 
lum is strictly maintained in the cloud 
chamber and its exhaust system. Fur- 
thermore, mice are uniformly infected 
throughout the cloud chamber. The 
rate of exchange of air through the 
cloud chamber (which may be varied 
from one to two volumes) and relative 
humidity play important roles in deter- 
mining the effectiveness of inoculation 
with the agent of murine pneumonitis. 
It is believed that the cloud chamber 
thus developed is a valuable tool for 
quantitative studies of air-borne infec- 
tions of mice. 
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While this material was in press Mr. Frank M. 
Gogolak added important features to the cloud 
chamber which allow, among other things, care- 
ful control and measurement of the relative 
humidity of the incoming air and the particle size 
of the aerosol. 
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There is good experimental evidence 
for believing that the enzyme systems 
of virus-infected cells participate in the 
formation of new virus and that viruses 
multiply best in cells of high metabolic 
activity. This evidence has been ob- 
tained almost entirely from the study of 
bacterial viruses and of animal viruses 
growing in tissue cultures and chick em- 
bryos (for discussion, see Moulder and 
Weiss, 1951a). However, the more com- 
plex relationship between virus multipli- 
cation and the metabolic state of the in- 
tact animal host is by no means so clearly 
understood. While it is almost impos- 
sible to define the normal metabolic 


state of an animal, certain experimental 
procedures such as administering hor- 
mones or withholding vitamins may ob- 


viously produce alterations in the 
metabolic activities of the animal. The 
effect of several such procedures upon 
susceptibility to virus infection has been 
investigated. The relation of nutrition 
to experimental viral infection has been 
comprehensively reviewed by Clark 
(1949 and 1950). A variety of dietary 
deficiencies produced an increased re- 
sistance to virus infection, suggesting 
that an adequate supply of all essential 
metabolites favors virus multiplication. 
The relation to resistance to infection of 
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several other factors which probably al- 
ter the metabolic state of the infected 
animal by raising or lowering the basal 
metabolic rate is more difficult to inter- 
pret. Pituitary growth hormone and tes- 
tosterone enhanced the growth of in- 
fluenza virus in mice, possibly by in- 
creasing the velocity of certain enzymic 
reactions concerned with protein syn- 
thesis (Kalter et al, 1950). Prolonged 
diethyl ether anesthesia increased the 
resistance of mice to several neurotropic 
viruses (Sulkin et al, 1946a and b and 
1947). The ether concentration in the 
nervous tissue of the anesthetized mice 
was far below effective virucidal levels, 
and the authors concluded that a 
lowered metabolic rate in the infected 
cells probably accounted for the in- 
creased resistance. Acclimatization of 
mice to low environmental tempera- 
tures increased their resistance to polio- 
myelitis virus (Holtman, 1946a). Treat- 
ment of mice with a thyroactive iodo- 
casein increased their resistance to in- 
fection with poliomyelitis virus, while 
treatment with thiouracil, which de- 
presses thyroid activity, lowered it 
(Holtman, 1946b). However, Gollan 
(1948) found that the susceptibility of 
mice to infection with the MM virus of 
the encephalomyocarditis group was un- 
affected by various doses of crystalline 
thyroxine. 

Although these regimens designed to 
alter the basal metabolic rate of the 
host produced conflicting changes in re- 
sistance to virus infection, the present 
investigation was undertaken in the be- 
lief that alteration of the basal meta- 
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bolic rate of the infected animal is still 
the simplest and most direct way to test 
the assumption that viruses thrive best 
in the host with the highest rate of 
metabolism. The best way to change the 
metabolic rate appeared to be through 
raising and lowering the level of thyroid 
activity.* Therefore, mice were treated 
with thyroxine to increase their meta- 
bolic rate and with radioactive iodine 
I'* to destroy thyroid tissue and thus 
decrease their metabolic rate. The re- 
sistance of these mice to murine pneu- 
monitis virus was then compared with 
that of untreated mice by infecting all 
three groups of animals by exposure to 
an aerosol of the virus in a cloud cham- 
ber. Under certain conditions, the mice 
given thyroxine died earlier than the 
controls, while the mice given radioac- 
tive iodine died later. These changes in 
susceptibility are in the directions pre- 
dicted by the hypothesis that virus mul- 
tiplication is favored by an active host 
cell metabolism. However, careful ex- 
amination of the data indicates that 
such a simple unequivocal interpreta- 
tion is unwarranted and that the exact 
role of the thyroid in resistance to infec- 
tion with murine pneumonitis virus re- 
mains unknown. 


MATERIALS AND METHODS 


The strain of murine pneumonitis, th: ource of 
mice, and the method of infecting mice in the 
cloud chamber have been described by Weiss and 
Segeler (1952). All mice were kept on a complete 
dog food diet and water in a room maintained at 
24+2 C, except for experiment ITI, in which the 
temperature occasionally reached 33 C. 
Crystalline thyroxine (Squibb) in 0.9% sodium 

ride was prepared for injection by solution in 
the ininimum amount of N sodium hydroxide and 


ch 


used the same day. Because tyrosine resembles 
thyroxine in chemical structure and solubility, 
tyrosine solutions were prepared in the same man- 
ner and injected into control mice in some experi- 

* While this paper was in press, the mechanism 
of action of the thyroid hormone was compre- 
hensively reviewed by Barker (1951). 


ments. Both solutions were injected subcutane- 
ously in 0.1 ml amounts. After repeated injec- 
tions, the mice sometimes developed zones of 
induration and necrosis, which promptly disap- 
peared when the injections ceased. Except for a 
possible increase in respiration, the thyroxine- 
treated mice did not behave differently from un- 
treated animals. Thirty uninfected mice were 
given thyroxine and none died as a result of the 
thyroxine administration. 

Radioactive iodine I" in the form of sodium 
iodide without carrier and dissolved in 0.9% 
sodium chloride was injected subcutaneously.t 
Each mouse received a single injection of either 
0.08 or 0.10 mc radioactive iodine, an amount 
calculated to be sufficient for destruction of all 
the thyroid tissue (Gorbman, 1949). Mice which 
received radioactive iodine ate and drank less 
than untreated mice for a few weeks after injec- 
tion, but otherwise resembled untreated mice of 
the same age group. 

The oxygen consumption of intact mouse lungs 
was determined as in a previous paper (Moulder 
and Weiss, 1951b). The lower Qo, found here is 
probably a reflection of the older age of the mice. 
Liver slices were cut with the microtome de- 
scribed by Stadie and Riggs (1944) and their 
oxygen consumption measured under the same 
conditions used for lungs. 

The statistical significance of the effect of thy- 
roxine and radioactive iodine upon resistance to 
murine pneumonitis virus was determined by 
calculation of the mean survival time of treated 
and untreated groups of mice, the standard error 
of the difference of the means, ¢ and P, in the 
manner described by Mather (1947). 


EXPERIMENTAL RESULTS 


The effect of thyroxine and radioactive 
iodine on thyroid histology and oxygen up- 
take of lung and liver.—Serial sections of 
the thyroid region of mice were taken to 
learn the effect of thyroxine and radio- 
active iodine on the thyroid gland. Thy- 
roid tissue was readily found in each of 
ten mice from control groups. The thy- 
roids of four mice which had received 
varying amounts of thyroxine were simi- 


+ Radioactive iodine was kindly supplied by 
Dr. Dwight E. Clark of the Dept. of Surgery, The 
University of Chicago. We are also greatly in- 
debted to Dr. Walter E. Kisieleski of the Argonne 
National Laboratory for inoculating the mice 
with radioactive iodine. 
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TABLE 1.—Oxygen consumption of livers and lungs 
from untreated, thyroxine-treated, and 
I"™\.treated mice. 


Treatment 


Organ 





None 


Lung 
Thyroxine 
a 


Lung 
Lung 
Liver 
Liver 
Liver 


None 
Thyroxine 
ps: 


* Qo» (microliters oxygen consumed in 1 hour by 1 mg dry. 
tissue) is given as mean+S.E. (number of observations). 
These animals were taken from experiments I, I] and IV. 


lar to those of the control groups. Of six 
mice which received 0.08 mc radioactive 
iodine, no thyroid tissue could be de- 
tected in four and only a few small folli- 
cles were found in the other two. Four 
mice which received 0.1 mc radioactive 
iodine were examined, but no thyroid 
tissue could be detected in any of them. 

On the basis of earlier studies (Gerard 
and McIntyre, 1933; Davis and Hast- 
ings, 1935; McEachern, 1935; McShan 
et al, 1947; Brophy and McEachern, 
1949) it was expected that treatment of 
mice with thyroxine would increase the 
respiration of isolated tissues, 
while radioactive iodine would lower it. 
However, table 1 indicates that treat- 
ment with neither thyroxine nor radio- 
active iodine had any significant effect 
on the Qo, of lungs and livers of the 


their 


TABLE 2. 


Treatment 
Exp. 
number 


Group Amount 


Substance 


Number of 
injections 


treated mice. The mice were given suffi- 
cient thyroxine to raise their basal meta- 
bolic rates (see Brody, 1934), and since 
the radioactive iodine effectively de- 
stroyed the thyroid tissue of the in- 
jected mice, these animals undoubtedly 
had-subnormal metabolic rates. How- 
ever, the oxygen consumption of their 
lungs, which is a good measure of meta- 
bolic rate of an organ or tissue, was not 
changed. Therefore, the alterations in 
susceptibility to infection with the virus 
of murine pneumonitis now to be de- 
scribed were probably caused by meta- 
bolic changes more complex than a 
quantitative shift in the level of meta- 
bolic activity in the infected cells. 

The effect of thyroxine on resistance.-— 
In each of three independent experi- 
ments mice treated with thyroxine died 
of murine pneumonitis faster than un- 
treated controls. In experiment I, young 
mice 17 to 21 days old were injected 
with 0.1 mg thyroxine on alternate 
days. After seven injections, they were 
exposed, together with untreated mice 
of the same age, to an aerosol of murine 
pneumonitis virus of a concentration 
sufficient to kill untreated mice in about 
eight days. Thyroxine was also given on 
the first and third days after infection. 


Effect of thyroxine and radioactive iodine on the survival time of 
mice infected with murine pneumonitis virus. 


Significance 
of differ- 
Survival ence with 


Mean 
Number of mice 





Before 
infec- 


._ Der 
given injection 


After 
infec- 
tion tion 


time group A, 
Sur- +S.E. as 
Died vived Total 





None 
Tayroxine 


Tyrosine 
Thyroxine 


None 
Tyrosine 
Thyroxine 
Thyroxine 
Thyroxine 


None 
ja 


None 
pa 


19 
22 


14 
14 


19 
22 
14 
14 


oc So 
HH HH 
eo Ss 
wr Bw 


15 
12 
20 
18 
18 


pao ed me 
mOMnw C8 YS 


16 
15 


=o oo 
om BO 
HH HH HHHHH 
SS So Sonne 
Ce BH AURKwoe 


21 
23 
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Or 
UNTREATED CONTROL 


° 


Wubddd 


| Oimg THYROXINE 


Number of mice dying daily 


yn 


B 





+ 8 n 
Days after inoculation 


Fic. 1.—Effect of thyroxine on the survival 


time of mice infected with murine pneumonitis 
(exp. I). 


As shown in table 2 (exp. I) and figure 1, 
the mice receiving thyroxine died much 
sooner than those receiving no treat- 
ment, despite the fact that the infecting 
inoculum killed all the animals in a rela- 
tively short time. The lungs of the thy- 
roxine-treated mice while in some cases 
not as consolidated as those of control 
mice, contained many elementary bod- 
ies, and the treated mice probably died 
of murine pneumonitis. 

Experiment II was performed in a 
similar fashion with adult mice 11 weeks 
old and weighing about 25 g. One group 
received eight injections of 0.2 mg thy- 
roxine, four before and four after infec- 
tion in the cloud chamber. The control 
group was similarly injected with 0.2 mg 
tyrosine. Here also the mice receiving 
thyroxine died significantly earlier than 
the controls (table 2, exp. II; fig. 2). The 
lungs of the thyroxine-treated mice con- 
tained extensive lesions but were less 
consolidated than the lungs of the tyro- 
sine-treated mice. There was some indi- 
cation that the mice injected with tyro- 


sine lived about one day longer than un- 
treated animals, but the experiment was 
not designed to show this difference 
clearly. 

Experiments I and II clearly demon- 
strated that thyroxine administration 
hastens the death of mice infected with 
murine pneumonitis virus, but they also 
posed some new questions. Do the thy- 
roxine-treated mice die sooner than un- 
treated animals because they inhale a 
larger inoculum of virus due to their in- 
creased rate of respiration? Does thy- 
roxine act, not by increasing the growth 
fate of the virus, but by rendering the 
treated mice more susceptible to the 
lethal action of the virus? Do varying 
amounts of thyroxine have different ef- 
fects on the survival time of mice? And 
finally, does tyrosine act in an opposite 
manner to thyroxine by prolonging the 
life of mice with murine pneumonitis? 

Experiment III was planned to an- 
swer these questions. The general plan 
of the experiment may be gathered from 
figure 3 and table 2. A large group of 
previously untreated mice was infected 
in the cloud chamber with only about 
one-fifth the inocu!um of virus given in 
previous experiments to produce a long 


8 0.2mg TYROSINE 


Wit L 4 


- 


| 0.2 mg THYROXINE 


Number of mice dying daily 


ro 


B 








5 x 15 
Days after inoculation 

Fic. 2.—Effect of thyroxine on the survival 
time of mice infected with murine pneumonitis 


(exp. II). 
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incubation period in which thyroxine 
and tyrosine might be allowed to exert 
their effects after infection with the 
virus. The mice were then divided at 
random into five groups (table 2). The 
mice of group A received no treatment 
and served as untreated controls. Group 
B contained mice which received 0.2 mg 
tyrosine on alternate days after infec- 
tion. The mice of group C were injected 
with 0.2 mg thyroxine on alternate days 
starting with the seventh day after in- 
fection. The mice of groups D and E re- 
ceived 0.1 and 0.2 mg thyroxine, respec- 
tively, on alternate days starting with 
the first day after infection. In addition, 
ten untreated mice as in group A and 
ten treated with 0.2 mg thyroxine as in 
group E were killed, five on the seventh 
and five on the ninth day after infection, 
and pools were prepared from their 
lungs for determination of virus titer. 

A few mice survived the lower infect- 


ing dose of experiment III and compli- 
cated calculation of the mean survival 
times. Of the 83 mice infected, 11 were 
still alive on the 28th day when they 
were killed and autopsied. One mouse in 
group A and one in C had lost weight, 


had almost completely consolidated 
lungs, and probably would have died 
within a short time. They were arbi- 
trarily recorded as having died on the 
30th day after infection. The remaining 
nine mice had gained weight, had only 
minor pulmonary lesions, and were ob- 
viously recovering. They were called 
survivors and were excluded from cal- 
culation of mean survival times. Two 
mice in each of groups D and E died on 
the eighth day and were discarded be- 
cause it was not known whether or not 
they died of murine pneumonitis. 

The results of experiment III, shown 
in figure 3 and tables 2 and 3, suggest 
the following conclusions: 

a. The multiplication of murine 
pneumonitis virus is neither increased 


nor decreased by treatment of infected 
mice by thyroxine (table 3). The con- 
centration of virus in the lungs of mice 
from groups A and E was approximately 
equal at both seven and nine days after 
infection. It is of interest that the virus 
titer apparently begins to decline sev- 
eral days before most of the mice die. 

b. The effect of thyroxine in decreas- 
ing the survival time of mice infected 
with murine pneumonitis virus is not 
due to inhalation of a larger infecting 
dose by the thyroxine-treated animals. 
The mice of groups D and E died faster 
than untreated or tyrosine-treated con- 
trols, although thyroxine was not ad- 
ministered until after infection had oc- 
curred. 

c. Thyroxine does not act by making 
the mice more susceptible to the ter- 
minal lethal effects of the virus, because 
the mice of group C, which were given 
thyroxine late in the course of infection, 
after the peak virus titer had already 
been reached, did not die significantly 
faster than the untreated mice of group 
A. However, it is possible that mice 
treated with thyroxine throughout the 
entire course of infection finally become 
more susceptible to the cumulative 
lethal effect of virus growth. 

d. There was no significant difference 
in the survival times of mice given 0.1 
and 0.2 mg thyroxine. For the signifi- 
cance of the difference in mean survival 
time between groups D and E, P=0.1- 
0.2. Therefore, it is probable that even 
larger amounts of thyroxine would not 
cause a further marked increase in the 
susceptibility of mice to murine pneu- 
monitis virus. 

e. Although tyrosine did increase the 
mean survival time of mice, the effect 
was not significant (P = 0.23). However, 
if x? is calculated from a fourfold table 
constructed on the basis of the number 
of mice in groups A and B alive or dead 
on the 17th day, the corresponding 
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UNTREATED CONTROL 


15 


0.2mg TYROSINE 








rt 





0.2mg THYROXINE 





20 


Days after inoculation 


Fic. 3. 
pneumonitis (exp. III). 


value of P is 0.06, just on the bordesline 
of significance. Thus, under more favor- 
able conditions, tyrosine may be found 
by some unknown mechanism to signifi- 
cantly increase the resistance of mice to 
murine pneumonitis. 

The effect of radioactive iodine on resist- 
ance.—Two |independent experiments 


Effect of thyroxine and of tyrosine on the survival time of mice infected with murine 


were carried out on the effect of radio- 
active iodine on resistance to murine 
pneumonitis virus. In experiment IV, a 
single intravenous injection of 0.08 mc 
radioactive iodine in 0.4 ml 0.9% so- 
dium chloride was given to mice three 
weeks old and about 10 g in weight. 
Three months later the treated mice, to- 
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TABLE 3.—Effect of thyroxine on virus titer in the 
lungs of mice infected with murine 
pneumonitis virus. 





Treat- 
ment* 


Virus 
titert 


Days after 


Group infection 





None 7 
Thyroxine 7 
None 9 
Thyroxine 9 


*See text and table 2 for details of treatment with 
thyroxine. 

t Virus titer is expressed as the mean survival time of 
groups of 15 mice infected in the cloud chamber with lung 
pools prepared as described in the text. These titrations 
were performed by Mr. Frank M. Gogolak. The detailed 
titration procedure will be described in another publication. 


gether with control animals of the same 
age group, were exposed to an aerosol of 
murine pneumonitis virus of about the 
concentration employed in experiments 
I and II. As seen from figure 4 and table 
2, administration of a single dose of 
0.08 mec radioactive iodine had no ef- 
fect upon the susceptibility of mice to 
murine pneumonitis. 

The mice used in experiment V were 
a month old and weighed about 15 g. 
They were given a single subcutaneous 
injection of 0.1 mc radioactive iodine in 
0.1 ml 0.9% sodium chloride, and as in 
experiment IV were infected in the 
cloud chamber three months after injec- 
tion of the radioactive iodine. The mice 
receiving this larger dose of radioactive 
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Fic. 4.—Effect of radioactive iodine I™ on the 
survival time of mice infected with murine 
pneumonitis (exp. IV). 


iodine lived significantly longer than un- 
treated animals (fig. 5, table 2). The one 
survivor of the treated group was killed 
on the 34th day. Although its lungs were 
extensively consolidated this mouse was 
excluded from calculation of the mean 
survival time of its group. All the other 
mice of experiment V exhibited com- 
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Fic. 5.—Effect of radioactive iodine I'*' on the 
survival time of mice infected with murine pnen- 
monitis (exp. V). 


plete or nearly complete lung consolida- 
tion upon autopsy. 

The results of experiments IV and V 
show that dosage with 0.1 mc radio- 
active iodine caused destruction of the 
thyroid tissue and a prolongation of the 
life of mice with murine pneumonitis, 
although a slightly smaller dose of 
0.08 mc, while causing about the same 
amount of thyroid destruction, had no 
effect upon the survival time of the in- 
fected mice. Further work on the rela- 
tion between amount of radioactive io- 
dine given and effect on resistance is ob- 
viously needed before a clear picture 
can be obtained. 


DISCUSSION 


These results clearly indicate that the 
resistance of mice to air-borne murine 
pneumonitis may be decreased by thy- 
roxine and increased by radioactive io- 
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dine. The effect of these substances on 
resistance to infection is most logically 
explained in terms of their effect on 
thyroid activity. Histological studies 
showed that the thyroid glands of the 
treated mice were affected in the ex- 
pected manner, and it is highly unlikely 
that either thyroxine or radioactive io- 
dine had any direct effect upon virus 
multiplication. However, the observed 
changes in resistance to murine pneu- 
monitis virus must be attributed to un- 
known alterations in the metabolic state 
of the infected mice rather than to quan- 
titative changes in the energy metab- 
olism of the infected cells, because in- 
tact lungs and liver slices from mice in- 
jected with thyroxine and radioactive 
iodine consumed oxygen at the same 
rate as tissues from normal animals. 
Although the present experiments 
give only an incomplete picture of the 
mode of action of thyroxine and radio- 
active iodine, certain conclusions may 
be drawn concerning their effect on re- 
sistance. Thyroxine does not increase 
the growth rate of murine pneumonitis 
virus and thus hasten the death of the 
treated mice. On the other hand, thy- 
roxine cannot act solely by increasing 
the susceptibility of the infected animals 
to the lethal action of the virus or by 
subjecting both the infected and unin- 
fected cells of the lungs to a heightened 
metabolic strain due to the increased 
metabolic rate, although both effects 
may play some part in decreasing the 
survival time of thryoxine-treated mice. 
It is true that some of the thyroxine- 
treated mice which died early had in- 
completely consolidated lungs, but the 
concept of premature death without al- 
teration of the course of infection can- 
not explain all of the results. Mice re- 
ceiving thyroxine late in the course of 
infection lived just as long as control 
mice. Also, it is unlikely that the in- 
creased survival time of mice treated 


with radioactive iodine is due merely to 
a lesser metabolic demand on the lungs 
because the lungs of both treated and 
control mice were completely or al- 
most completely consolidated at death. 
Therefore, it appears that thyroxine and 
radioactive iodine do not simply change 
the metabolic rate of infected mice and 
thereby change the metabolic require- 
ments for survival, but instead play a 
more fundamental role in resistance to 
infection. 

The results of experimental proce- 
dures which in some way injure the host 
and cause a decrease in its resistance to 
infection should be interpreted with 
great caution. Therefore, the experi- 
ments with radioactive iodine are es- 
pecially valuable in that they afford a 
further control for the thyroxine experi- 
ments. Although radioactive iodine 
caused greater tissue changes, and un- 
doubtedly greater general damage to the 
mice, it prolonged their survival time 
after infection with murine pneumonitis 
virus. This indicates a specific role for 
radioactive iodine and at the same time 
suggests that the effect of thyroxine in 
shortening the survival time cannot be 
attributed solely to nonspecific injury to 
the mice. 

In conclusion, the relation of thyroid 
activity to susceptibility to infection 
with the virus of murine pneumonitis 
has been clearly demonstrated, but an 
explanation of the precise role played by 
the thyroid hormone must await fur- 
ther investigation. 


SUMMARY 


The relationship of thyroid activity 
to resistance of mice to infection with 
the virus of murine pneumonitis was in- 
vestigated by the administration of thy- 
roxine which increased thyroid activity 
and of radioactive iodine I" which com- 
pletely or almost completely destroyed 
the thyroid. 





EFFECT OF THYROXINE AND I! on RESISTANCE 


Subcutaneous injection of 0.1 to 
0.2 mg thyroxine on alternate days sig- 
nificantly lowered the survival time of 
mice infected with murine pneumonitis 
virus in a cloud chamber. The adminis- 
tration of thyroxine was begun 8 to 14 
days before infection or on the day after 
infection with a more dilute inoculum. 
Thyroxine given late in the infection, 
beginning with the seventh day after ex- 
posure to the virus, did not alter the 
survival time of the mice. 

In contrast to thyroxine, a single sub- 
cutaneous injection of 0.1 me radio- 
active iodine per mouse increased the re- 
sistance of the mice when they were in- 
fected with murine pneumonitis virus 
three months later. A single injection of 
0.08 mc radioactive iodine had no effect. 

Intact lungs and liver slices from thy- 
roxine and radioactive iodine-treated 
mice consumed oxygen at the same rate 
as tissues from untreated animals. 


Therefore, the observed changes in re- 
sistance to murine pneumonitis appear 
to be due to unknown alterations in the 
metabolic state of the infected animals 


rather than to simple quantitative 
changes in the level of energy metab- 
olism of the infected cells. An under- 
standing of the mechanisms involved 


requires further investigation. 
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RESPIRATORY INFECTION IN THE RABBIT: AN ENZOOTIC 
CAUSED BY PASTEURELLA LEPISEPTICA AND ATTEMPTS 
TO CONTROL IT BY VACCINATION 


MARY M. ALEXANDER,* PAUL B. SAWIN, AND DOROTHY ANN ROEHM 


From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 


The existence of a respiratory disease 
in domestic rabbits is a problem of con- 
cern not only to the laboratory but also 
to the commercial breeder. The disease, 
known commonly as ‘‘snuffles,’’ has 
been recognized since rabbits were first 
used as laboratory animals. The etiology 
of the disease has received extensive in- 
vestigation by several workers, chief 
among them being Ferry,! who isolated 
an organism associated with the disease 
which he called Bacillus bronchosepticus, 
and Webster,?~* who concluded that the 
causative organism was primarily Pas- 
teurella lepisepticum. 

The present investigation was under- 
taken to determine the cause of a 50% 
mortality rate, with death almost in- 
variably due to pneumonic infection or 
accompanied by it, in a colony consist- 
ing of about 1000 rabbits, many of 
which are inbred. The etiology of similar 


respiratory diseases in rabbits shipped 
from breeders and laboratories in other 
localities was also determined. 

It has been shown by De Kruif§ that 


two rabbits were rendered immune by 
the injection of killed Past. lepiseptica. 
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Ferry and Hoskins® have also demon- 
strated protection in rabbits by vaccina- 
tion with Brucella bronchoseptica, but 
not with Past. lepiseptica in the dosage 
employed. Because of the value of the 
animals and the severity of the enzootic, 
the efficacy of vaccination against the 
organism isolated in the Jackson Labo- 
ratory colony was determined. 


EXPERIMENTAL 


Isolation of the organism.—An organ- 
ism was isolated in pure culture from 4 
rabbits who had manifested typical res- 
piratory symptoms prior to death. The 
lung was aseptically removed in each 
case, and a piece approximately 1 cm 
square was cut from the area showing 
evidence of pneumonia. This was im- 
pressed upon 5% rabbit’s blood agar 
and the culture incubated for 24 hours 
at 37 C. 

The gram-negative bacillus as iso- 
lated is described in table 1, in which it 
is compared to Past. lepiseptica and to 
Br. bronchoseptica. 

From table 1 it can be seen that the 
organism isolated here is very similar to 
Past. lepiseptica. It is also similar to 
strains of this organism described previ- 
ously by Ferry and Hoskins® and De 
Kruif. Apparently it does not, however, 
follow the form of variation as observed 
by De Kruif. The mucoid, translucent, 
iridescent form, invariably virulent and 
invariably growing only diffusely in 
broth, is the only form in which the 
organism has been isolated here. De 
Kruif® described D and G forms, growing 
diffusely and in settled granular deposits 


6. Ferry, N. S. and Hoskins, H. P. 1919-20, J. 
Lab. & Clin. Med. 5: 311-320. 
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E 1.—Differential comparison of strains of gram-negative bacilli 
known to cause pneumonia in the rabbit. 


Br. bronchoseptica 


Past. multocida (iepiseptica) 


Jackson laboratory 





Source 


Differential morphology: 
Cellular 


Colonial 
Blood agar 
Plain agar 
Motility 
Utilization of sugars: 
Dextrose 
Maltose 
Mannite 


#780 American Type Culture 
Collection 


Coccobacillus, marked pleo- 
morphism 


Opaque 
Hemolytic 
Not iridescent 
Motile 


0 
0 
0 


#7288 American Type Cul- 
ture Collection 


Bacillary, larger, very slight 
pleomorphism 


Mucoid, translucent 
Nonhemolytic 
Iridescent 
Nonmotile 


+ 
0 


Rabbit lung 


Coccobacilli, sometimes en- 
capsulated, occasional long 
threadlike form 

Mucoid, translucent 

Nonhemolytic 

Iridescent 

Nonmotile 


+ 
0 


ac 0 
Pathogenicity for mice Death <24 hours, lungs con- 


gested, turbinates inflamed 


and being virulent 
spectively. 


and avirulent, *re- 


This microorganism is the only one 
which has been isolated from the lungs, 
trachea, or turbinates of animals dead of 
respiratory disease in this colony, and it 
has invariably been in pure culture. 

The disease was reproduced by the 
intravenous injection of 5 ml of the or- 
ganism grown on blood agar, suspended 
in saline and made to a turbidity of 
T-20 at 450 y ona Junior Coleman Spec- 
trophotometer. Two rabbits, one 3 
months old and the other 6 months old, 
were injected. Litter mates of these ari- 
mals served as controls and received the 
exact preparation, except that the or- 
ganisms had been killed by heating for 
10 minutes in a boiling water bath. The 
younger animal died in less than 18 
hours, the older in 4 days. Neither of the 
control animals ever showed any symp- 
toms of respiratory disease. A pure cul- 
ture of the injected microorganism was 
recovered at autopsy from the lung and 
trachea of both experimental animals. 

The organism has been isolated from 
every case of the disease. It has been 
isolated by nasal swabbing from live 
rabbits which were apparently healthy, 
but these animals developed the disease 
within one to two weeks. This is con- 
trary to the observations of De Kruif? 


7. De Kruif, P. H. 1922, J. Exper. Med. 36: 309- 
316, 


+ 


0 
Death 1-8 days, intestinal 
congestion, slight respira- 
tory involvement 


0 
Death 1-7 days, intestinal 
congestion, slight respira- 
tory involvement 


and Webster,* who believe that a carrier 
state exists. This may be partially ex- 
plainable on the basis of the exclusive 
occurrence of the virulent organism in 
this rabbit colony. 

Etiology of rabbit pneumonia from 
other colonies.—A total of 12 rabbits 
manifesting mild or severe symptoms of 
the disease were sent in from 7 states. 
After observation for a length of time 
dependent on the severity of the symp- 
toms, the rabbits were killed by an air 
embolus. The lungs, trachea, and turbi- 
nates were cultured as before. The or- 
ganisms which were isolated were stud- 
ied to determine whether or not they 
were either Past. lepiseptica or Br. 
bronchoseptica. Of the 8 animals which 
were chronically ill, Past. lepiseptica was 
isolated from 5 and Br. bronchoseptica 
from 3. The 4 acutely ill animals were all 
infected with Past. lepiseptica. 

First vaccination experiment.—T he 18- 
hour growth of the organism, freshly 
isolated from a rabbit dead of pneu- 
monia, was washed from blood agar with 
sterile saline. The turbidity was ad- 
justed to a reading of approximately 
T-20 as before. One-half of the suspen- 
sion was heated in a boiling water bath 
for 10 minutes; anaerobic and aerobic 
cultures were made to assure sterility of 
the vaccine. Twelve rabbits were chosen 
for vaccination, and 9 rabbits of similar 
age served as controls. Animals were 
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observed for a period of 2 weeks prior 
to injection to insure the absence of dis- 
ease. All animals were segregated from 
the ordinary stocks and were kept in 
outdoor cages. The vaccine was ad- 
ministered intravenously in a_ total 
quantity of 10 to 15 ml over a period of 
3 weeks. Seven to 10 days following the 
last injection, the immunity of the ani- 
mal was challenged by the intravenous 
injection of living organisms. Two chal- 
lenging doses were arbitrarily selected: 
2.5 and 5.0 ml of a live suspension pre- 
pared similarly to and adjusted to the 
turbidity of the vaccine. The animals 
were examined daily for appearance of 
symptoms. If death occurred, the ani- 
mal was autopsied immediately and the 
lungs, trachea and turbinates cultured 
as before. 

Of the 12 vaccinated animals, 11 sur- 
vived without ever showing symptoms 
of the disease; one animal died in less 
than twenty-four hours, and the organ- 
ism was recovered at autopsy. Seven of 
the 9 unvaccinated animals died within 
10 days; all showed respiratory lesions 
and the organism was recovered in pure 
culture. The 8th animal died of diarrhea 
and the organism was not recovered; the 
9th was sacrificed on the 21st dayand the 
organism was not recovered. 

Second vaccination experiment.—All 
rabbits in the colony which were born 
between arbitrarily selected dates were 


used in this experiment. Animals over 2 
months old which showed no symptoms 
of respiratory disease and which were 
not pregnant were divided into two 
groups. One group, comprising 184 ani- 
mals, was vaccinated as follows: 1 ml for 
2 days; rest 5 days; 2 ml for 2 days; rest 
5 days; 3 ml for 2 days. The other group, 
comprising 522 animals, served as con- 
trols. Insofar as possible, both groups 
included representatives of all of the in- 
bred races. Exposure was left to chance. 
Animals in both groups were treated 
identically, and no attempt was made to 
cause any interruption of the ordinary 
routine. When death, which was taken 
as the end point, occurred, the animals 
were autopsied. If there was evidence 
of respiratory infection, even though 
there was evidence of other infectious 
processes not necessarily associated with 
the disease, death was attributed to 
respiratory infection. Results of this ex- 
periment are recorded in table 2, from 
which it can be seen that in a total of 
706 animals, death due to respiratory 
disease was lowered from 14.75% to 
8.69% by the administration of the 
vaccine. 


DISCUSSION 


The occurrence of gram-negative 
bacilli as the etiological agents in acute 
respiratory diseases of domestic animals 
is well known. Despite attempts to con- 


TABLE 2.—Results of immunization of rabbits in field trial. 
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Not vaccinated 





Number of Number dead 


animals pathology 


having respiratory Percent dead 


Number dead 
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trol it by sanitation, mortality due to 
such diseases, particularly in the rabbit, 
is still high and is a serious problem to 
laboratory personnel as well as to the 
commercial breeder. The practice of 
sacrificing infected rabbits may cause a 
serious economic loss to the breeder and 
a serious experimental loss in the labora- 
tory. The present investigation serves 
to re-emphasize the importance of this 
group of microorganisms in animal econ- 
omy. 

A virulent strain of Past. lepiseptica 
has been demonstrated to be the sole 
cause of pneumonia in a large colony of 
domestic rabbits. This does not exclude 
the possibility, however, that other or- 
ganisms, such as Br. bronchoseptica, 
which has been isolated from rabbits in 
other colonies, also contribute to res- 
piratory disease. The syndrome known 
familiarly as ‘‘snuffles’” may or may not 
be an entity, but in either case it and 
other similar respiratory infections of 
the domestic animal are deserving of in- 
vestigation to the end of devising a 
means of prevention. 

The results of vaccination with a 
strain of Past. lepiseptica isolated within 
the colony show that there is definite 
but not invariable protection against 
death when a heat-killed organism is in- 
jected. On examination of table 2 it can 
be seen that rabbits of race X and race 
III-c are apparently not benefited by 
the vaccine, while those in race III and 
possibly race V are. The reason for this 
might well lie in the basic genetic differ- 
ence between the races. It has been ob- 
served in unpublished experiments made 
in this laboratory that individual mem- 
bers of race III and race V almost al- 
ways produce a large quantity of anti- 
body against an injected antigen, while 
it is well known that the average rabbit 
may not. 

In rabbit colonies in which valuable 
animals are housed, the use of the vac- 
cine, although it does not afford 100% 


protection, would appear to be ad- 
vantageous. The opinion is held at this 
laboratory that the vaccine was in large 
part instrumental in saving race III 
from extinction during a severe enzootic 
of respiratory infection. This is based on 
vaccination of other members of the 
race after the results expressed in table 2 
had been tabulated. 

In the ordinary laboratory colony, the 
vaccine could be advantageous in a situ- 
ation in which respiratory disease was 
introduced into the colony by the im- 
portation of an infected rabbit. The or- 
ganism isolated from that rabbit could 
be used as a source of antigen and a vac- 
cine prepared and administered to the 
remaining members of the colony. This 
could ward off a possible enzootic or the 
probable establishment of the disease in 
the colony. 

SUMMARY 


1. A gram-negative bacillus, prob- 
ably a strain of Pasteurella lepiseptica, 
has been established as the cause of a 
respiratory infection in a rabbit colony 
composed of 1000 rabbits, a large pro- 
portion of which are inbred. 

2. Either Past. lepiseptica or Brucella 
bronchoseptica was isolated from in- 
fected rabbits from other states. 

3. A vaccine has been prepared from 
the organism isolated within the large 
colony which is demonstrably protective 
when death is taken as the end point 
when exposure is known or when ex- 
posure is left to chance. 

4. It is suggested that the variation 
in protection afforded members of the 
different races is due to the difference in 
genetic constitution of the races of rab- 
bits. 

5. It is suggested that the use of a 
vaccine would be advantageous in 
breeding colonies of rabbits, as well as 
to the laboratory colony which is free of 
infection, to prevent the establishment 
of the disease from a newcomer to the 
colony. 





STUDIES OF THE EFFECT OF ANTIBIOTICS ON INFECTIONS 
WITH THE MOUSE PINWORM ASPICULURIS TETRAPTERA 


II. THE ACTIONS OF NEOMYCIN, DIHYDROSTREPTOMYCIN AND CHLORAMPHENICOL 


HELEN S. WELLS 
From the School of Public Health, Columbia University, New York City 


In a previous report (Wells, 1951) the 
findings of the effect of terramycin hy- 
drochloride on experimental infections 
with the mouse pinworm Aspiculuris 
tetraptera were presented. The results 
showed that the worm burden in mice 
was significantly reduced and the re- 
maining worms were stunted in size. 
Successful therapeutic trials in man with 
terramycin (Wells et al, 1951; Loughlin 
et al, 1951) have demonstrated that A. 
tetraptera infections in mice are of value 
in screening new drugs for enterobiasis. 
In this report our findings with neomy- 
cin, dihydrostreptomycin and chloram- 
phenicol are presented. 


METHODS AND MATERIALS 


The same techniques were employed 
here as in the previous study (Wells, 
1951). Helminth-free mice were fed ap- 
proximately 300 infective eggs of A. 
tetraptera by stomach tube. Treated 
mice received single, oral, daily doses of 
neomycin at the rate of 50 mg/kg. 
Other mice received 500 mg/kg of dihy- 
drostreptomycin by the same route. 
Oral dosage of 500 mg/kg was employed 
with chloramphenicol. All the treated 
mice and controls were sacrificed 14 
days after infection. The entire large in- 
testines were examined microscopically 
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and the worms were counted. The 
length of worms recovered was meas- 
ured in the experiments with dihydro- 
streptomycin and chloramphenicol. 


EXPERIMENTAL 
Neomycin 

Experiment 1.—Treated mice re- 
ceived 50 mg/kg of neomycin in single 
daily oral doses for 8 days beginning 6 
days after infection. The day after re- 
ceiving the last dose the mice were 
autopsied and the worms were counted 
(i.e., 14 days after infection). The aver- 
age worm yield in the control mice was 
48 and in the treated mice 108, a highly 
significant difference. (See table 1.) 

Experiment 2.—Mice received 17 
daily doses of neomycin, 3 of which were 
administered prior infection. On 
autopsy 14 days after infection, the con- 
trol mice harbored on the average 47 
worms and the treated animals 111, a 
highly significant difference. 

Experiment 3.—Treated mice received 
7 daily doses of neomycin beginning 7 
days after infection. On autopsy 14 days 
after infection, the control mice, which 
were the same as in experiment 2, 
harbored an average of 47 worms and 
the treated animals 68, a difference 
which proved to be significant. 

Ex periment*4.—This experiment was 
set up to confirm further the surprising 
results in the previous three experiments 
and is a duplicate of experiment 2. After 
autopsy the average worm yield in con- 
trol mice was 55 and in treated mice 116, 
a highly significant difference. 


to 





ANTIBIOTICS IN MousE PINWORM INFECTIONS 


TABLE 1.—The effect of neomycin on A. tetraptera worm burden in mice. 


Treated animals 


Control animals 





Day of 
infection 
treatment 
was initiated 


Total days 
of treatment, 
50 mg/kg 
daily 


Average 
worm 
yield 


Average 
worm 
yield 


Number of 
mice 





6 
—3 
7 
—3 


8 
17 
7 
17 


All animals received 300 eggs. 


108 
111 

68 
116 


15 
15 
15 
15 


* Difference in means/standard error of the difference in means. 
t Indicates significant difference (P <0.01) between treated and control animals. 


Dihydrostreptomycin 

Experiment 5.—Treated mice received 
16 daily doses of dihydrostreptomycin 
at the rate of 500 mg/kg beginning 2 
days prior to infection. On autopsy 14 
days after infection, the control mice 
harbored an average of 99 worms and 
treated animals 171, a highly significant 
difference. (See table 2.) 

Experiment 6.—Treated mice received 
7 daily doses of dihydrostreptomycin 
beginning 7 days after infection. On 
autopsy 14 days after infection, the 
average worm yield in control mice was 
99 and in treated mice 121, a difference 
which did not prove to be significant on 
statistical analysis. 

Experiment 7.—This experiment is a 
duplicate of experiment 5. Treated ani- 
mals received 16 daily doses of dihydro- 
streptomycin beginning 2 days prior to 
infection. On autopsy 14 days after in- 
fection control mice harbored an aver- 
age of 52 worms and treated mice 111, a 
highly significant difference. 

Experiment 8 -—In__ bacteriological 
studies (unpublished) of the fecal flora, 


we found that with dihydrostreptomy- 
cin therapy there was a decline in total 
aerobic counts and almost a complete 
disappearance of coliform organisms. 
This confirms a previous report of 
Smith and Robinson (1945). By the 14th 
day of therapy however, coliform counts 
began to increase. We do not know 
whether the antibiotics affect the worms 
directly or act through their alteration 
of intestinal flora. We wondered whether 
there was any relation between the in- 
creased worm burden and the alteration 
in total aerobic and coliform counts. In 
this experiment, therefore, we adminis- 
tered 14 daily doses of dihydrostrepto- 
mycin prior to infection and continued 
treatment for 14 days after infection, a 
total of 28 days of therapy. This experi- 
ment was set up simultaneously with 
experiment 7 so that treated and control 
animals in the latter served as controls. 
On autopsy 14 days after infection, the 
average worm yield in treated animals 
was 100 as compared with 52 in control 
animals, a highly significant difference. 
The in burden in 


difference worm 


TABLE 2.—The effect of dihydrostreptomycin on A. tetraptera worm burden in mice. 


Treated animals 
Day of 
infection 
treatment 
was initiated 


Number of 
muce 


Total days 
of treatment, 
500 mg/kg 
daily 


Exp. no. 


Control animals 


Average 
worm 
yield 


Average 


Number of mn 





—2 
7 
—2 
—14 


All animals received 300 eggs. 
See footnotes under table 1. 


171 
121 
lll 
100 
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treated animals in experiments 7 and 8 
was not significant. This indicated that 
the reappearance of coliform organisms 
had no apparent effect on the worm 
burden. 

In experiments 5 through 8, lengths 
of worms recovered at autopsy were 
measured. In no instance was there a 
significant difference in size between 
worms from treated and untreated, con- 
trol animals. 


Chloramphenicol 


Experiment 9.—Treated mice received 
16 daily doses of chloramphenicol at the 





significant difference in size between 
worms from treated and untreated, con- 
trol animals. 


DISCUSSION 


From the above data it is evident that 
a proportion of larvae are lost during the 
course of their development to the adult 
stage. In neomycin-, dihydrostreptomy- 
cin- and in chloramphenicol-treated 
mice, a greater proportion of worms con- 
tinued development in the colon than in 
untreated mice. 

A. tetraptera is a small nematode of 
the colon, found primarily just below 


TABLE 3.—The effect of chloramphenicol on A. tetraptera worm burden in mice. 








Treated animals 


Control animals 











Number of Day of Total days 
Exp. no. mice infection of treatment, ——— Number of a * 
treatment 500 mg/kg ield mice ield 
was initiated daily ¥ ¥ 
) 15 —2 16 131 15 69 3.9f 
10 15 7 7 99 15 69 2.1 
11 15 —2 16 153 15 91 3.5t 





All animals received 300 eggs. 
See footnotes under table 1. 


rate of 500 mg/kg beginning 2 days 
prior to infection. On autopsy 14 days 
after infection, control mice harbored an 
average of 69 worms and treated mice 
131, a highly significant difference. (See 
table 3.) 

Experiment 10.—Treated mice re- 
ceived 7 daily doses of chloramphenicol 
beginning 7 days after infection. On au- 
topsy 14 days after infection the average 
worm yield in control animals was 69 
and in treated animals 99, a difference 
which proved to be of borderline signifi- 
cance on statistical analysis. 

Experiment 11.—This experiment is a 
duplicate of experiment 9. Treated ani- 
mals receiving 16 daily doses of chloram- 
phenicol harbored an average of 153 
worms, while controls harbored an aver- 
age of 91, a significant difference. 

In experiments 9 through 11 lengths 
of worms were measured. There was no 


the ileocecal region. We have never 
found the worm embedded in the mu- 
cosa in histological sections. The ali- 
mentary tract of the worm contains 
colonic material including bacteria and 
trichomonads, although the possibility 
that the worms ingest small fragments 
of superficial mucosa cannot be elimi- 
nated. The worm appears to ingest in- 
testinal contents indiscriminately as 
evidenced by its ingestion of carmine 
particles fed to the mouse. Coliform 
bacilli are considered to be the major 
synthesizers of members of the vitamin 
B complex in the intestine (Gant et al, 
1943). In the present study with two 
antibiotics, 'dihydrostreptomycin and 
neomycin, that suppress or eliminate 
coliform organisms, there was a surpris- 
ing-phenomenon of a coexisting favor- 
able environment for the mouse pin- 
worm. Moreover, as shown in experi- 





ad 
Sate 





ment 8, a reappearance of resistant coli- 
form organisms during dihydrostrepto- 
mycin therapy had no relationship to 
the increase in worm burden. There are 
indications that resistant flora differ 
from parent strains. Miller (1945) dem- 
onstrated that resistant coliform strains 
do not synthesize comparable amounts 
of folic acid as compared with the strains 
from which they were derived. There- 
fore, the hypothesis of the action of di- 
hydrostreptomycin through its effect on 
fecal flora has not been eliminated. 

In bacteriological studies _ (unpub- 
lished) of the fecal flora of mice receiving 
chloramphenicol therapy, we found con- 
siderable variation in the response of 
coliform organisms. In general, however, 
coliform counts were increased. Though 
alterations in the fecal flora with chlor- 
amphenicol appear to be different from 
those of either neomycin or dihydro- 
streptomycin, the effect on the worm is 
similar. We have no proof that a favor- 
able environment is created for Aspicu- 
luris through a change in the flora. 

Terzian (1950) demonstrated that 
when sulfonamides are added to the 
maintenance diet, there is increased 
susceptibility to infection of Aédes 
aegypti with Plasmodium gallinaceum. 
He found that with a specific optimal 
drug concentration a_ significantly 
greater number of odcysts developed in 
mosquitoes receiving sugar solution con- 
taining sulfonamides than in controls. 
The author suggested that depriving the 
host of its available para-aminobenzoic 
acid disturbs the innate immunity of the 
mosquito and heightens the level of in- 
fection in the normal host. We cannot 
offer the hypothesis that the host is suf- 
fering some nutritiorial lack to explain 
the increased worm burden during 
treatment with these antibiotics. The 
mice were maintained on a balanced 
diet, continued to gain weight and 
showed no evidence of toxic reactions. 
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Moreover, in some unpublished studies 
with sulfadiazine we found that while 
there was no alteration in the worm 
burden, a significantly smaller worm 
was obtained in treated animals. 

All the antibiotics we have studied 
have some action on A. fetraplera in- 
fections in mice. They either increase 
the worm burden or suppress the infec- 
tion. We cannot offer any explanation of 
these effects. The mechanism of action 
may perhaps be revealed when in vitro 
cultivation of parasitic nematodes be- 
comes possible. 


SUMMARY 


1. The effects of neomycin, dihydro- 
streptomycin and chloramphenicol on 
infections with the mouse pinworm 
Aspiculuris tetraptera have been pre- 
sented. 

2. Administration of these drugs re- 
sults in an increase in the worm burden 
as compared with the controls. 
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STUDIES ON THE BIOLOGY OF CRYPTOCOCCUS 


Iv. ISOLATION OF A HIGHLY POLYMERIZED POLYSACCHARIDE FROM 
ENCAPSULATED STRAINS 
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From the Division of Laboratories and Research, The Children’s Medical Center and the 
Children’s Cancer Research Foundation, Boston, Massachusetts 


The polysaccharide components of 
encapsulated yeasts have been isolated 
previously by heating whole cultures!” 
or saline suspensions of cells* and sepa- 
rating the polysaccharide from this 
crude extract by alcoholic precipitation. 
The physical characteristics of poly- 
saccharide isolated in this laboratory 
by acid extraction or by extraction with 
2,4-dinitrophenylhydrazine in acid* dif- 
fered markedly from the viscous, 
mucoid appearance of whole cultures of 
Cryptococcus neoformans. Since the mu- 
coid character of whole cultures of en- 
capsulated cells suggested the presence 
of highly polymerized structures, ex- 


traction with hot alkali, which may pro- 
duce swelling and solubilization of al- 
kali-resistant polymers, was attempted. 
The present report is presented as a 
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basis for further improvement in the 
isolation and characterization of the 
capsular polysaccharide of this species. 


METHODS 


Two strains of C. neoformans recently isolated 
from human cases of cryptococcosis were used. 
Both strains were in the M-phase‘ but differed in 
degree of encapsulation. One strain was charac- 
terized by large, broad capsules and a mucoid, 
confluent growth, while the other presented 
smaller but distinct capsules and drier, less mu- 
coid colonies on Sabouraud’s agar. Although a few 
poorly encapsulated cells usually could be found 
in India ink preparations of the former, heavily 
encapsulated cells were seen rarely in similar 
preparations of the latter (fig. 1). Both strains 
were pathogenic for mice, and, as has been re- 
ported by others,5 differences in the degree of en- 
capsulation were not as marked in material from 
infected mice. 

Ammonium sulfate-glucose broth (with thia- 
mine hydrochloride, 0.2 y/ml), as used by 
Mager,' Hehre et al? and Mager and Aschner,‘ 
was dispensed in 500 ml volumes in one-liter 
Erlenmeyer flasks, inoculated with heavy sus- 
pensions of these strains and incubated at 25 C 
for 10 days with constant aeration. The cultures 
were checked for purity, centrifuged, the cells 
washed 3 to 4 times with saline, packed at 5000 g 
and drained of supernatant. 

The cells were heated with an equal volume of 
8N sodium hydroxide for 20 minutes in a boiling 
water bath with constant stirring, cooled, neu- 
tralized with 6N hydrochloric acid and centri- 
fuged at 2000 g. The supernatant was collected, 
brought to pH 4.5 with 6N hydrochloric acid, re- 
centrifuged and the precipitate discarded. Two 


4. Mager, J. and Aschner, M. 1947, Biological 
studies on capsulated yeasts. J. Bact. 53: 283- 
295. 

. Neill, J. M., Abrahams, I. and Kapros, C. E. 
1950, A comparison of the immunogenicity of 
weakly encapsulated and of strongly encapsu- 
lated strains of Cryptococcus neoformans (To- 
rula histolytica). J. Bact. 59: 263-275. 
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Fic. 1 Morphological characteristics of strains used. Note confluent growth of heavily encapsu- 


lated strain (top) and drier, nonconfluent growth of strain with smaller capsules. Sabouraud’s agar, 
7-day cultures. India ink capsule preparations. X 1100. 
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Fic, 2 


resulting from alcoholic precipitation. 


Collection of white, stringy flocculate 


volumes of 10°, trichloracetic acid were added to 
this supernatant, the mixture was immediately 
centrifuged in the cold at 5000 g and the precipi- 
tate discarded. The white, opalescent supernatant 
thus obtained was precipitated with 1.5 volumes 
of cold 95°) ethanol. The resulting white, stringy 


flocculate was collected by winding around a 


glass rod (fig. 2), dissolved in water with dilute 
ilkali added to pH 7.0 and dialyzed for 6 hours 
against running tap water. Yields varied from 
133.5 to 210 mg per liter of medium in different 


experiments 
RESULTS 


The 


les ent, 


resulting nondialyzable, opa- 
solution gave a 
Molisch’s 
reaction 
Ehrlich's 


Lugol's 


very viscous 


strong reaction with and 


Bial’s reagents. No was ob- 


tained with Treat- 


did 


elicit a positive reaction for glycogen 


reagent. 


ment with solution not 


or starch.t The polysaccharide lost its 


t Both strains produced the amylose 
\) described by Mager! and Hehre et 
was isolated according to the procedure described 


by Hehre et al 


fraction 


il? which 


solubility upon drying in a desiccator 
Hence 
known aliquots were taken to dryness 


or upon lyophilization, only 
for the determination of solids, nitrogen 
(micro-Kjeldahl), phosphorus® and the 
study of hydrolytic products. 

The nitrogen content varied between 
0.20 to 0.24%. 
higher initial nitrogen content were fur- 
ther purified by treatment with 1 vol- 


Preparations having a 


ume of 10°% trichloracetic acid, centri- 
fuging at 4000 g and precipitating the 
supernatant with 1.5 volumes of cold 
95° ethanol. The precipitate was re- 
dissolved in water, shaken with an equal 
volume of chloroform, the supernatant 
aqueous layer reprecipitated with 1.5 
volumes of cold 95° ethanol and the 
ensuing white, stringy precipitate col- 
None of 
obtained 


lected and dissolved in water. 


the preparations thus con- 
tained phosphorus. 

Aliquots of the dried polysaccharide 
were hydrolyzed with 6N hydrochloric 
acid under nitrogen in sealed tubes at 
110 C 


thus obtained contained a large residue 


for 8 hours. The hydrolysates 


of dark brown, insoluble material. The 
acid was removed by repeatedly taking 
the hydrolysates to dryness in vacuo. 
then extracted 
with water and subjected to paper par- 


The solid residue was 


tition chromatography, using phenol- 


water and butanol-acetic acid for one- 
and two-dimensional runs. Amino acids 
could not be detected in any of these 
preparations. Glucosamine likewise could 
not be detected. Thus the nitrogen con- 
tent of these preparations could not 
be ascribed to contaminating amino 
acids or the presence of glucosamine in 
the polysaccharide. 

Complete acid hydrolysis as described 
above did not yield reducing substances 
as determined by a micromodification of 
6. Fiske, C. H. and Subbarow, Y. 


metric determination of phosphorus 
Chem. 66: 375-400. 


1925, Colori- 
J. Biol 





ISOLATION OF CrypTOCOCcCUS POLYSACCHARIDE 


Hanes’ method’ or by the method of 
Folin and Malmros.® Mild acid hydroly- 
sis (1N hydrochloric acid for 1 hour at 
100 C) gave a colorless insoluble residue, 
while the supernatant was found to con- 
tain 0.5% reducing substance (calcu- 
lated as glucose). The insoluble residue 
formed stained intensely blue during 
the course of the Folin-Malmros reac- 
tion. Further hydrolysis, however, failed 
to show the liberation of additional re- 
ducing substance, probably due to 
breakdown occasioned by the process. 

Relative viscosity was determined at 
25.5 C with Ostwald-Fenske viscosim- 
eters on 0.1, 0.2, 0.4 and 0.6% solu- 
tions of the polysaccharide and the in- 
trinsic viscosity [n] calculated by extra- 
polation to infinite dilution. In 4 prep- 
arations thus studied the intrinsic vis- 
cosity was found to vary between 16.0 
and 27.7 (table 1). 

Treatment of the polysaccharide solu- 
tions with commercial preparations of 
hyaluronidase (Alidase, Hydase) did 
not produce any measurable change in 
viscosity. Similarly, incubation of vi- 
able cells of these strains at 25 and 37 C 
in the presence of 1.0 to 300.0 T.R.U. 
in acetate buffers at pH 4.5 and pH 6.0 
or in phosphate buffers at pH 6.0 and 
pH 7.0 for intervals varying from 5 
minutes to 24 hours failed to show any 
evidence of decapsulation. 

Preliminary attempts to elicit pre- 
cipitins, agglutinins or sensitization in 
mice, guinea pigs and rabbits with these 
polysaccharide preparations have been 
negative. Moreover, with antiserums 
produced with vaccines of intact heat- 
killed or formalinized cells of homolo- 


Reducing 

substance* 

58 .0-67 .0% 
0.00 
65.00% 





0.00 
Not stated 
Not stated 





Not stated 
+1.50% 
Not stated 


Nitrogen Phosphorus 


18.2 


[n] =16.0 





Colloidal 

Not stated 
Nonviscous 
Nonviscous 


Viscosity 
‘ Thread-like 


ation but gives no description of product. 


>, 35 min., 0.SN HCl 
~d and moderately encapsulated strains appear to be identical 


Method of extraction 
2,4-dinitropheaylhydrazine 


0-80 C, 30 min., 0.S5N HCl 
100 C, 20 min., 8N NaOH 


60-80 C, 30 min. 
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Incubation 
4-5 days 
14 days 
e can be separated from cells disrupted by supersonic vibr 
from heavily encapsulate 


T. rotunda 
neoformans 

C. neoformans 

C. neoformans} 


Cc. 


. Hanes, C. S. 1929, Application of method of 
Hagedorn and Jensen to determination of 
larger quantities of reducing sugars. Biochem. 
J. 23: 99-106. 

8. Folin, O. and Malmros, H. 1929, Improved 
form of Folin’s micro method for blood sugar 
determinations. J. Biol. Chem. 83: 115-120. 


ative by paper chromatography. 


Reference 
Kligman’f 
Hehre® 
Present study 


Mager! 
t+ Mentions that polysaccharid 


¢ The polysaccharides isolated 


* Calculated as glucose. 
§ Also neg 
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gous or heterologous Cryptococcus strains, 
the alkali-extracted preparations gave 
either negative or very weak precipitin 
reactions that were demonstrable only 
with a 1:2 dilution of serum after 3 to 5 
days’ storage in the refrigerator. A prod- 
uct prepared by Hehre et al? and em- 
ployed by Neill et al'-*" for testing of 
antiserums represents the only purified 
cryptococcus polysaccharide whose se- 
rological reactivity has been reported in 
the literature.* Since it seemed possible 
that failure to obtain convincingly posi- 
tive precipitation reactions with this 
polysaccharide might be due to the in- 
adequate potency of the available anti- 
serums, a sample was sent to Dr. J. M. 
Neill of Cornell University Medical 
College for tests against highly potent 
antiserums that were known to react 
with the cryptococcus polysaccharides 
prepared by Hehre et al.? This poly- 
saccharide gave prompt precipitation 
with these more potent antiserums 
within 5 minutes at room temperature, 
in serum dilutions of 1:10 to 1:160. 
Further serological studies are being 
continued, 
DISCUSSION 

The polysaccharide described here 
differs from the fraction B described by 
Mager' and more recently by Hehre et 
al? in that it is highly polymerized and 
upon mild acid hydrolysis yields only a 

9. Neill, J. M. and Kapros, C. E. 1950, Serologi- 
cal tests on soluble antigens from mice infected 
with Cryptococcus neoformans and Sporotri- 
chum schenckii. Proc. Soc. Exper. Biol. & Med. 
73: 557-559. 

. Neill, J. M., Castillo, C.G., Smith, R. H. and 
Kapros, C. E. 1949, Capsular reactions and 
soluble antigens of Torula histolytica and of 
Sporotrichum schenckit. J. Exper. Med. 89: 
93-106. 

* In addition to the reported product isolated 
from whole cultures, Hehre and Abrahams have 
prepared polysaccharides from the washed cells 
of a highly encapsulated Cryptococcus strain, 
which also have been proved to be serologically 
reactive (personal communication). 


small amount of reducing substance, 
which appears to be destroyed with 
complete hydrolysis. It is interesting 
and possibly significant that the prepara- 
tions which yielded a high percentage 
of reducing substance (as glucose) were 
obtained by the extraction of whole cul- 
tures 4 to 5 days of age, while the pres- 
ent preparations and those reported by 
Kligman? as yielding no reducing sub- 
stance were obtained by the extraction 
of washed cells 10 and 14 days of age 
(table 1). 

Alkaline extraction has been em- 
ployed for the isolation of polysaccha- 
ride antigens from several species of 
bacteria."'"-® As pointed out in a recent 
review of the subject,” alkali (or acid) 
frequently depolymerizes the polysac- 
charide, resulting in reduced viscosity. 
Since highly polymerized preparations 
were obtained by extraction with alkali, 
it appears that the polysaccharides from 
these strains are resistant to depolymer- 
ization by alkali whereas they are de- 
polymerized easily by acid. This is sup-' 
ported by a comparison of the polysac- 
charides extracted with 0.5 N hydro- 
chloride acid or 2,4-dinitrophenylhydra- 
zine in acid in this laboratory, which 
were nonviscous and readily soluble in 


11. Krumwiede, C., Jr. and Noble, W. C. 1918, A 
rapid method for the production of precipitin 
antigen from bacteria: an attempt to apply it 
to the determination of type of Pneumococcus 
in sputum. J. Immunol. 3: 1-10. 

. Kramér, E. 1921, Untersuchungen iiber die 
chemische beschaffenheit der kapselsubstanz 
einiger kapselbakterien. Centralbl. f. Bakt. 
1. Abt. orig. 87: 401-406. 

. Zinsser, H. and Parker, J. T. 1923, Further 
studies on bacterial hypersusceptibility. J. 
Exper. Med. 37: 275-302. 

. Lancefield, R. C. 1925, The immunological 
relationships of Streptococcus viridans and cer- 
tain of its chemical fractions. I. Serological 
reactions obtained with antibacterial sera. J. 
Exper. Med. 42: 377-395. 

. Burger, M. 1950, Bacterial Polysaccharides, 
Springfield, Ill., C. C Thomas. 
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water even after drying, and the highly 
viscous alkali-extracted polysaccharide 
which loses its water solubility upon 
drying. 


Viscosometric studies of polysaccha- 
ride treated with hyaluronidase under 
optimal conditions as well as the treat- 
ment of viable cells with hyaluronidase 
did not confirm the observation that 
this enzyme destroys the capsule of C. 
neoformans.’ In view of these results it 
is unlikely that hyaluronic acid is a 
link in the polysaccharide chain itself 
although its presence as a branch of the 
main chain cannot be excluded. 


16. Drouhet, E. and Segretain, G. 1949, Action 
de I’hyaluronidase sur la capsule de Torula 
histolytica. Compt. rend. Acad. d. sci. 228: 
424-425. 


SUMMARY 


An alkali-extraction method for the 
isolation of a highly polymerized poly- 
saccharide from 10-day cultures of 
Cryptococcus neoformans is described. 
This product is Bial’s positive, contains 
only a small amount of reducing sub- 
stance, 0.20 to 0.24% nitrogen and no 
phosphorus. Nitrogen is present neither 
as glucosamine nor as amino acids. In- 
trinsic viscosity [yn] calculated by extra- 
polation to infinite dilution was found 
to be 16.0 to 27.7 for different prepara- 
tions. These preparations are serolog- 
ically active with appropriate anti- 
The recent observation that 
hyaluronidase destroys the capsule of 
C. neoformans could not be confirmed. 


serums. 
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THEIR RELATIONSHIP TO THE A; ISOAGGLUTINOGEN-LIKE 
SUBSTANCE IN INFECTIOUS ORGANISMS 


JOSE OLIVER-GONZALEZ 


From the Department of Microbiology, School of Medicine, School of Tropical Medicine, 
San Juan, Puerto Rico 


When infectious organisms are in- 
cubated at 37 C in human serums of 
group B, the titer of the anti-A: iso- 
agglutinin (a2) is reduced to negative. 
The titers of the anti-A; (a) and anti- 
B isoagglutinin (8) in human serums of 
groups B and A, respectively, remain 
significantly unaltered. The organisms 
incubated in the serums of all blood 
groups included 10 species of bacteria, 
mature larvae of Trichinella spiralis, 
and adults of Schistosoma mansoni. Ap- 
parently, the bacteria and animal para- 
sites contain and secrete a substance 
which has some immunological relation- 
ship to the Ag agglutinogen of human 
erythrocytes, since it absorbs the homol- 
ogous isoagglutinin.! 

Since the infective organisms secrete 
the Ag isoagglutinogen-like substance in 
vitro, it was of interest to determine 
whether such a substance would be se- 
creted during infection of the host. This 
would imply testing of human serums 
during active or past infections for anti- 
Az agglutinin or other agglutinins which 
may be associated with it. 


MATERIALS AND METHODS 


The human red blood cells utilized in this study 
were obtained fresh and were washed three times 
in physiological saline previous to their use.* The 
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J. Infect. Dis. 85: 66. 

* The blood samples were obtained at the time 
at which the donors at the blood bank of the 
School of Tropical Medicine were bled. The co- 
operation of Dr. Manuel Paniagua, head of the 
blood bank, and the laboratory technicians is 
acknowledged. 
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sheep cells were preserved in Alsever’s solution, f 
but were usually discarded two weeks after pres- 
ervation. All blood serums used were heated at 
56 C for 30 minutes. 

For the agglutination tests 0.1 cc volumes of 
serum diluted 1:2, 1:4, etc. were mixed with 
0.05 cc of the washed erythrocytes. The mixtures 
in Wassermann tubes were placed in a water bath 
at 37 C for two hours, refrigerated at 6 C over- 
night, and then examined microscopically for ag- 
glutinated erythrocytes. For convenience, the 
mixtures were examined while in the Wassermann 
tube, which was placed horizontally under the 
binocular dissecting microscope, under a magnifi- 
cation of X20. 

Serums to be absorbed with red cells were 
treated with 20% volume of the washed and 
packed erythrocytes. The suspensions were in- 
cubated at 37 C for one hour, centrifuged at 
4000 r.p.m. for 10 minutes, and the supernatant 
treated again with fresh cells. Treatment of serum 
with fresh cells was performed three times after 
one hour incubation at each instance. 

The adult worm materials to be added to the 
serum were prepared from recently obtained 
worms. These were dried in vacuo and well pul- 
verized in an electric grinder. Enough of the ma- 
terial was added to serums to make a 1% suspen- 
sion. The suspensions were incubated for one 
hour at 37 C and left overnight in the refrigerator 
at 6 C. The following morning these were centri- 
fuged at 4000 r.p.m. for 15 minutes and the 
supernatant removed to be used as the absorbed 
serum. 

Text for sheep cell agglutinins in human se- 
rums.—Blood samples were obtained from ap- 
parently healthy individuals who came to the 
blood bank as blood donors. Clinical histories re- 
vealed that most of these individuals had had 
some infectious disease at one time or another. 
Also, although no examination of the feces was 
done, there is a possibility that a number of them 
would have been infected with animal parasites, 
such as Ascaris, hookworm, and S. mansoni. 


¢ Alsever’s solution contains: dextrose, 2.05 g.; 
sodium citrate, 0.8 g; sodium chloride, 0.42 g; 
citric acid, 0.055 g. 
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Blood samples were also taken from individuals 
harboring microfilariae of Wuchereria bancrofti, as 
determined by examination of nocturnal blood. 
These individuals suffered no clinical symptoms 
as a result of the filarial infection. The infected 
individuals were bled during the morning from 
9:00 to 10:00 a.m. The serums were removed 
after centrifugation and heated at 56 C for 30 
minutes. 

All of the serums were tested for sheep cell ag- 
glutinins at 37 and 6 C. In the case of the blood 
from patients infected with W. bancrofti, the se- 
rums were also tested for agglutinins to the indi- 
vidual’s own cells (autoagglutinins). 

Absorption of serums with erythrocytes, with liv- 
ing bacteria and animal parasites, and with dry well 
pulverized worm materials.—Serums found to be 
positive for sheep cell agglutinins at 37 C were 
treated with each of the following substances: 
(1) erythrocytes of human blood groups Ai, A2, 
B, and O; (2) 48-hour cultures in tryptose agar of 
Brucella abortus, Staphylococcus aureus, and 
Proteus OX19; (3) known numbers of live T. 
spiralis larvae and adults of S. mansoni; (4) dry 
and well pulverized adult worm material from the 
human parasites A scaris lumbricoides and Necator 
americanus and the dog filarial worm, Dirofilaria 
immitis. The serums were tested for sheep cell 
agglutinins before and after treatment with each 
of the above materials. 

Human serums of group B previously tested for 
high titered anti-A: isoagglutinin were treated 
with the fresh erythrocytes from sheep cells. The 
treated and untreated serums were then tested for 
anti-A2 agglutinin. 


RESULTS 

Agglutinins for sheep cells in human 
serums from apparently healthy individ- 
uals and from individuals harboring 
microfilariae of W._ bancrofti.—-The 
blood serums from 120 individuals were 
tested for sheep cell agglutinins, and of 
these, 98, or 81.7%, were positive. The 
titers varied from 1:4 to 1:128. All of 
the serums agglutinated the sheep cells 
at 6 C. The agglutinin titers at 6 C were 
considerably higher than those at 37 C 
for two hours. Titers varied from 1:64 
to 1:1024 (table 1). 

The serum of only one (3.9%) out of 
26 individuals harboring microfilariae 
agglutinated sheep erythrocytes at 37 
C. The titers of the agglutinins at 6 C 


TABLE 1.—Sheep cell agglutinins at 37 C and 6 C 
in serums from apparently healthy individuals 
and in individuals with circulating 
microfilariae of W. bancrofti. 





Number 
of serums 
tested 


Agglutinins at 37 C Agglutinins at 6 C 
Number 
positive 





Number 
positive 


Range 


Range 
of titers 


of titers 





Serums from apparently healthy persons 
-7%) 1:4to 
1:128 


120 98 (81.7% 120(100%) 1:64 to 


1:1024 





Serums from persons with circulating microfilariae 
26 1 (3.9%) -! 20 (76.9%) 1:4to 
1:16 





were low, none exceeding 1:16 (table 1). 

No agglutinins for the individual's 
own cells could be detected in the se- 
rums from the individuals with circulat- 
ing microfilariae. 

Absorption of sheep cell agglutinins by 
human subgroup Az erythrocytes and by 
dead and living materials from infectious 
organisms.—Five serums positive for 
sheep cell agglutinins were treated each 
with A;, Ae, B, and O cells from three 
individuals of each blood group. 

The titer of the sheep cell agglutinins 
in human serums at 37 C was reduced 
only after treatment with A» erythro- 
cytes. Treatment with Aj, B, and O cells 
did not alter the titer of the agglutinins 
at all. 

All of the serum samples into which 
the living bacteria or worms were intro- 
duced developed negative sheep cell 
agglutinin titers. Similarly, the sheep 
cell agglutinin titers were reduced to 
zero after treatment of the serum with 
dry and pulverized adult worm mate- 
rials (table 2). Liver glycogen used as a 
control did not alter the agglutinin 
titers. 

The agglutinins at 6 C were not ab- 
sorbed by any of the substances intro- 
duced into the serums. 

Absorption of anti-A agglutinin by 
sheep erythrocytes —Five serums of hu- 
man group B were treated with sheep 
erythrocytes obtained from three dif- 
ferent animals. The same serums were 
treated with erythrocytes obtained from 
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TABLE 2.—Absorption of agglutinins for sheep cells 
in human serums by various living infectious 
organisms and by well pulverized 
adult worm material. 


— Sheep cell agglutinin 





Organism introduced cum __ at 37 re 
into serum bloo 
Before After 
SroupS ‘treatment treatment 

10,000 live larvae T. 

spiralis A 1:64 0 
10,000 live larvae T. 

spiralis B 1:64 0 
20 pairs adult S. mansoni A 1:128 0 
10 pairs adult S. mansoni A 1:64 0 
Staph. aureus Oo 1:32 0 
Br. abortus Oo 1:128 0 
Proteus OX19 Oo 1:128 0 
Powdered adult N. amer- 

icanus B 1:128 0 
Powdered adult A. lum- 

bricoides Oo 1:32 0 
Powdered adult Diro- 

Sdoria immitis oO 1:32 0 
Liver glycogen (control) Oo 1:128 1:128 


three different individuals of blood 
groups A,, B and O. 

The titer of the anti-A, isoagglutinin 
in human serum of group B was reduced 
to negative in all instances after treat- 
ment of the serum with sheep erythro- 
cytes. The titer remained unaltered 
after treatment of the serums with A, 
B, and O erythrocytes. 


DISCUSSION 

The results obtained in this study sug- 
gest that the agglutinins for sheep red 
cells found in human serums (98 out of 
124, or 81.7%) may be related to the 
presence of infectious agents at one 
time or another. As previously found, 
a large number of organisms when incu- 
bated in human serums secrete a poly- 
saccharide-like substance which ab- 
sorbs the anti-Az isoagglutinin in the 
serums.! The secretion or excretion of an 
isoagglutinogen-like substance, as ob- 
served in vitro, seems to take place also 
in vivo. This substance immunizes the 
host and leads to the production of anti- 
bodies. It is of great interest that this 
antibody can not be detected in the 
human serums as an anti-A, agglutinin 
as was to be expected, since there is an 
in vitro specific absorption of the anti- 
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Az agglutinin by the substance in the 
infectious agent. Apparently, the sub- 
stance in the organism has a complex 
structure, with part of it chemically 
related to the Az agglutinogen in human 
cells. 

The fact that the secretions of the 
various live organisms and the worm 
material absorb the agglutinins for 
sheep cells at 37 C in the human serums 
suggest that the development of such 
agglutinins may be always a sequela of 
infection. 

Agglutinins, as well as hemolysins for 
sheep cells, as found in human serums, 
are usually regarded as nonspecific anti- 
bodies, which react possibly due to cross 
reaction between antigens in the human 
and sheep erythrocytes. The findings of 
this study suggest that these antibodies 
are associated with infection, and that 
the agglutination of sheep cells is more 
likely due to the result of immunization 
with the substance in the parasite than 
to cross reactivity between the antigens 
in the two types of red cells. 

The relationship between sheep red 
cell agglutinogens, the Az human blood 
substance, and antigens from bacteria 
and parasites is not understood at 
present. The three antigens have a com- 
mon factor which absorbs the anti-A» 
and sheep cell agglutinins in human 
serums. The active substances in organ- 
isms associated with red cell agglutina- 
tion or inhibition of agglutination seem 
to be polysaccharides alone, while the 
substance in sheep and human erythro- 
cytes seems to be of a more complex 
nature. 

Agglutination of human erythrocytes 
in vivo may be observed as a result of 
infection. As previously pointed out,} 
human erythrocytes with the A» sub- 
stance may be agglutinated in vivo as a 
result of immunization with the A, 
isoagglutinogen-like substance present 
in infectious agents. 
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One out of 26 (3.9%) serums from 
the individuals with circulating micro- 
filariae had agglutinins for sheep cells. 
The small percentage of serums positive 
for agglutinins among this group as 
compared to 98 out of 120 (81.7%) 
positive for agglutinins in the group of 
blood donors may be of significance. 
The numerous micro- 
filariae or the secretions of the adult and 
embryos 


destruction of 


may constantly absorb the 
antibody formed. It is therefore likely 
that the serum may have an excess of 
parasite antigen rather than the anti- 
body which develops as a result of 
immunization with it. 
that 
to disclose antigen 
antibody. 


This indicates, 
should be per- 
not 


therefore, tests 


formed and 
SUMMARY AND CONCLUSIONS 


1. One hundred and twenty blood 
serums from apparently healthy indi- 


viduals were tested for ‘agglutinins for 
sheep cells at 37 and 6 C. Of these, 98 


(81.7%) were positive at 37 C. The 
titers varied from 1:4 to 1:128. All of 
the serums were positive for sheep cell 
agglutinins at 6 C. The titers were 
higher at 6 C than at 37 C, since the 
last varied from 1:64 to 1:1024. 

2. The sheep cell agglutinins present 
in the human serums which acted at 


37 C were absorbed when the serums 
were incubated with living bacteria of 
Staphylococcus aureus, Brucella abortus, 
and Proteus OX19, with living mature 
larvae of Trichinella spiralis, and adults 
of Schistosoma mansont. 

3. Sheep cell agglutinins were also 
absorbed when the serums were treated 
with well material 
from adult Necator americanus, Ascaris 
lumbricoides, and Dirofilaria immitis. 

4. Absorption of sheep cell aggluti- 
nins by the living and dead organisms 
suggests that the agglutinins are closely 
related to infection and that they may 
develop ‘cllowing infection with any 
species of infectious agent. 

5. It is suggested, therefore, that dur- 
ing infection the organisms secrete the 
Az isoagglutinogen-like substance,which 
immunizes the host. The antibodies 
formed can be detected as agglutinins 
for sheep cells. 

6. In the blood serums from 25 out 
of 26 individuals (96.1%) infected with 
microfilariae of Wuchereria bancrofti, no 
agglutinins for sheep cells were detected. 
This suggests that in the serum from 
these individuals the substance being 
constantly secreted by the parasite 
neutralizes the antibody formed and 
that therefore no antibody, but antigen, 
may be detected. 


pulverized worm 





THE SEROLOGICAL IDENTIFICATION OF CULTURES OF 
CLOSTRIDIUM KISTOLYTICUM AS GROUP III OF 
THE PROTEOLYTIC CLOSTRIDIA 


JAMES W. MANDIA 


From the Department of Animal Pathology, Kentucky Agricultural Experiment Station, 
Lexington, Kentucky 


In a serological study of strains of 
Clostridium sporogenes, Mandia and 
Bruner! showed that identification of 
proteolytic clostridia was possible by 
means of antigenic formulas based on 
the reactions of the heat-labile antigens. 
Of the 25 Cl. sporogenes strains which 
they studied, 18 formed a homogenous 
serological group and was referred to as 
group | of the proteolytic clostridia. 
Three strains designated as Cl. sporog- 
enes formed a second group with a 
strain of Clostridium parabotulinum. 
When a number of strains of Ci. 
parabotulinum and related organisms 
were included in the study, all reacted 
as members of the second group.? This 
group was then referred to as serological 
group II of the proteolytic clostridia. 

A strain designated as Cl. sporogenes 
did not fall into either groups I or II, 
but showed, however, an agglutinative 
relationship to a strain of Clostridium 
histolyticum. Since the strain of Cl. 
sporogenes and the strain of Cl. his- 
tolyticum did not possess any of the 12 
previously determined antigenic factors 
found in the organisms of groups I 
and II, they were considered as the 
third serological group observed for the 
proteolytic clostridia. It was felt that 
this third group might include other 
strains of the species Cl. histolyticum. 

Information on the agglutination be- 
havior of Cl. histolyticum is quite 
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meager. It is limited almost to its 
agglutinative relationship to Cl. sporog- 
enes. Smith? showed that a strain of 
Cl. sporogenes was antigenically almost 
identical with a rough variant of Cl. 
histolyticum. Mandia and Bruner! dem- 
onstrated a common heat-labile antigen 
between the two species. The agglutina- 
tion of Cl. histolyticum itself can be 
summed up in the comment by Topley 
and Wilson‘ that agglutinating serums 
seem to act chiefly on homologous 
strains. 


MATERIALS AND METHODS 


Since Cl. histolygcum appears to be an organ- 
ism found principally in gangrenous processes in 
man, cultures received for this study were from 
that source. Twelve cultures were received from 
the collection of Dr. L. D. Smith, who obtained 
them originally from Dr. John MacLennan. 
These cultures were H-3, H-8, H-9, H-12, H-13, 
H-14, H-i6, H-17, H-24, H-27, H-31 and H-37. 
Strain CH-1, a laboratory stock culture, was in- 
cluded in the study. All cultures were character- 
istic of the species; that is, they were pathogenic, 
microaerophilic, spore-forming, proteolytic rods 
not fermenting any sugars. 

The preparation of antigens and antiserums 
and the agglutinin absorption tests were carried 
out in the same manner as described for Cl. 
sporogenes.' In this study, however, a marked dif- 
ference was noted in the amount of growth pro- 
duced in the horse meat infusion broth by strains 
of Cl. histolyticum. Growth in 24-hour broth cul- 
tures was extremely heavy, requiring the dilution 
of the antigen 1 part to 2 parts of saline in order 
to obtain satisfactory agglutination tests. 

Strains H-9, H-12, H-14, H-17 and CH-1 were 
nonmotile while strains H-3, H-8, H-13, H-16, 
H-24, H-31 and H-37 were motile. Motile organ- 
isms produced a heavy, sluggish spreading growth 


3. Smith, L. 1937, J. Bact. 34: 409-417. 

4. Wilson, G. S. and Miles, A. A. 1946, Topley 
and Wilson’s Principles of bacteriology and 
immunity, ed. 3, Baltimore, The Williams and 
Wilkins Co. 
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IDENTIFICATION OF CL. HISTOLYTICUM 


TABLE 1.—Reactions of heat-labile antigens of strains of Cl. histolyticum antigens. 





Antiserums Antigenic 


Motile strains 





Nonmotile strains 





factors H-3 


H-8 H-13* H-16 H-24 H-27 H-31 H-37 


H-9* H-12 H-14 H-17 CH-1 





H- 
H- 
H- 


13 13, 14 
3 13 
13 absorbed 
y H- 14 
H-9 absorbed by 

H-13 


5000 S000 5000 5000 
200 500 500 100 


500 S00 1000 1000 


* Selected type strain. 
— Negative at dilution of 1:100, 


in semisolid medium,§ while the nonmotile organ- 
isms formed a dense growth confined to the line of 
inoculation. Antigens for the nonmotile strains of 
Cl. histolyticum were prepared as described for the 
nonmotile Cl. sporogenes strain, S-10, of group I. 

Antiserums were prepared for all of the strains 
except H-31 and H-37. When the 13 C/. histolyti- 
cum strains were tested in these 11 antiserums, a 
homogenous group was formed. The Cl. sporog- 
enes strain O-4 which reacted with Cl. histolyti- 
cum H-3! did not react with all of the antiserums 
of the group. It was considered, therefore, as not 
having the group antigen and was not included in 
this group. The agglutination of Cl. histolyticum 
was divided into two types depending upon the 
motility or nonmotility of the strain. Motile or- 
ganisms produced a floccular agglutination when 
incubated for 1 hour at 50 C, while nonmotile 
strains produced large granular clumps only after 
14 to 3 hours of incubation. 


RESULTS 


When each of the 11 antiserums were 
absorbed by the cells of the motile 
strain H-13, no agglutinins remained 
for any of the motile or nonmotile 
strains. However, when they were 
absorbed by cells of the nonmotile 
strain H-9, a factor remained in the 
antiserums of the motile strains which 
reacted only with motile strains and not 
with nonmotile strains. This showed 
that both motile and nonmotile strains 
had a heat-labile antigen in common 
and that the motile strains had an 
additional heat-labile factor shared only 
by themselves. 

Strain H-13 was selected as the type 
strain for the motile organisms and H-9 
the type strain for the nonmotile or- 
ganisms. The reactions of the heat- 
labile antigens of the strains of Cl. 


5. Mandia, J. W. and Bruner, D. W. 1950, J. 
Lab. & Clin. Med. 35: 652-653. 


2000 
200 


1000 


2000 2000 2000 
200 100 500 


1000 = 500 


2000 2000 2000 2000 2000 
5000 2000 2000 5000 5000 


1000 - . - 


histolyticum in the antiserums and 
absorbed antiserums of the type strains 
are shown in table 1. The antigenic 
factor common to both the motile and 
nonmotile strains was assigned the 
numeral 13, being the 13th determined 
for cultures of proteolytic clostridia. 
This factor was present alone in the 
H-9 antiserum. When the H-9 anti- 
serum was absorbed by the cells of 
strain H-13, all of the agglutinin factors 
for the group were removed. The H-13 
antiserum absorbed by the cells of 
H-9 showed that a factor remained 
which reacted only with the motile 
strains. This factor was assigned the 
numeral 14. 

Heat-stable antigens of H-13 and 
H-9 were prepared by boiling the 24- 
hour broth cultures for 2 hours. When 
these were tested in the antiserums of 
the group, a finely granular agglutina- 
tion appeared upon standing at room 
temperature overnight. The antiserums, 
therefore, of both motile and nonmotile 
strains of Cl. histolyticum possessed 
agglutins for the heat-stable fraction. 
In similar antiserums of Cl. sporogenes,} 
only the nonmotile strains possessed 
agglutinins for the heat-stable antigen. 
When the motile H-13 antiserum was 
absorbed by the boiled H-13 cells, 
agglutinins for the heat-stable fraction 
were removed; the heat-labile (13 and 
14) agglutinin factors remained. Also, 
when the nonmotile H-9 antiserum 
was absorbed by the boiled H-9 cells, 
the 13.factor remained which reacted 
only with the untreated cells. 

Since the species of Cl. histolyticum 
is a member of the group of organisms 
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TABLE 2.—Proposed antigenic formulas and gradations of pathogenicity of Cl. histolyticum. 


Strains Antigenic formula 


Pathogenicity following intramuscular injection of 
guinea pigs with 0.5 ml of 24-hour broth culture 








H-3, H-16, H-37 Prot. Cl. III: 13, 14 Gas gangrene 


Prot. Cl. III: 13, 14 


H-8, H-13_ Gas gangrene 
H-9, H-17, CH-1 
H-24, H-27, H-31 
H-12, H-14 


Prot. Cl, III]: 13 


Prot. Cl. III: 13, 14 
Prot. Cl. II: 13 


known as the proteolytic clostridia, the 
heat-labile antigenic factors as deter- 
mined (table 1) can be used to assign 
antigenic formulas to the 13 strains, 
following the scheme used for proteo- 
lytic clostridia of groups I and II. The 
antigenic factor 13, which is not found 
in organisms belonging to groups I and 
II, constitutes another group antigen. 
Therefore organisms demonstrating this 
factor form the third serological group 
of the proteolytic clostridia, or group 
III. The antigenic formulas for the 
strains of Cl. histolyticum studied are 
shown in table 2. 


Pathogenicity 


Besides demonstrating the heat-labile 
antigens, the 24-hour broth cultures 
prepared as described! also reflected 
the pathogenicity of the strains of 
Cl. histolyticum. When 0.5 ml of an 
untreated 24-hour whole broth culture 
of each of the 13 strains was injected 
intramuscularly into the thigh muscles 
of guinea pigs weighing from 450 to 
600 g, 3 different gradations of patho- 
genicity were manifested. Weakly path- 
ogenic strains H-3, H-16 and H-37 
(table 2) demonstrated a slight necrosis 
of the site of injection occurring within 
24 hours. The necrotic area usually 
began to heal after 48 to 72 hours and 
the animal recovered. Moderately path- 
ogenic strains H-8, H-13, H-9, H-17 
and CH-1 produced a_ hemorrhagic 
liquefaction of the softer portion of the 
limb, spreading to the abdomen and 


Gas gangrene 


Slight necrosis at the site of injection occurring within 
24 hours. The necrotic area healed after 48 to 72 
hours and the animal recovered. 


Hemorrhagic liquefaction of the softer portion of the 
limb, spreading to the abdomen and followed by 
death within 48 hours after injection. 


Slight hemorrhagic liquefaction of the skin and muscle, 
with death occurring within 24 hours after injection. 


followed by death within 48 hours after 
injection. Very pathogenic strains H-24, 
H-27, H-31, H-12 and H-14 produced 
an apparent slight hemorrhagic lique- 
faction of the skin and muscle, with 
death occurring within 24 hours after 
injection. 

The characteristic pathogenic reac- 
tion in guinea pigs injected with similar 
amounts of 24-hour broth cultures of 
Cl. histolyticum®-* follows the pattern 
shown by the moderately pathogenic 
organisms of this study. This variation 
in pathogenicity was not associated 
with any difference in antigenic make-up 
of the strains as determined in this 
study. However, the weakly pathogenic 
organisms (prot. C/. I11:13,14) gave a 
stronger reaction with the Cl. sporogenes 
strain O-4 than did the others which 
reacted only slightly or not at all. The 
antigenic factor common to Cl. sporog- 
enes O-4 and the strains of Cl. his- 
tolyticum was not determined. 


SUMMARY 


Thirteen strains of Clostridium his- 
tolyticum formed a third serological 
group of the proteolytic clostridia. The 
pathogenicity of these strains varied. 
Some strains were very pathogenic and 
others were moderately pathogenic, 
characteristic of the species, or less 
pathogenic. Antigenic formulas were 
assigned to the strains studied. 


6. Hall, I. C. 1922, J. Infect. Dis. 30: 445-504. 
7. Torrey, J.C. 1925, J. Infect. Dis. 36: 517-524. 
8. Hoogerheide, J. C. 1937, J. Bact. 34: 387-408. 





EFFECT OF SELECTED CHEMICAL SUBSTANCES 
ON PHAGOCYTOSIS 


W. J. NUNGESTER AND ADA MAY AMES 


From the Department of Bacteriology, Univ 


A consideration of the fundamental 


mechanisms of phagocytosis directed at- 


tention 


toward the effects of certain 


groups of compounds, namely the syn- 
thetic surface-active agents, on this phe- 
nomenon. 


There are two chemical classes of sur- 


face-active agents, the nonionic and the 


ionic. 


Members of the ionic class of 


agents are, in turn, separated into two 
main divisions by the nature of the elec- 
trical charge assumed by the hydro- 
phobic portion of the molecule upon 
ionization, namely, the anionic if nega- 
tively charged and the cationic when 
positively charged. An adequate discus- 
sion of compounds included in each of 
these categories is given by Schwartz 
and Perry.' 


The development of synthetic sur- 


face-active agents has been directed pri- 
marily to practical industrial applica- 
tions. Several recent symposiums? have 
reviewed the controversial theories of 
the state of dispersion of the synthetic 
surface active agents and other colloidal 
electrolytes. It is sufficient to indicate 
here that many surface active ions com- 
bine with or are adsorbed by proteins*-® 
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and thus produce such diverse effects as 
protein precipitation and denaturation, 
inactivation of viruses, enzymes and 
toxins, splitting of natural complexes as 
plant virus nucleoproteins, hydrolysis of 
protein amide and peptide bonds, bac- 
teriostasis, and hemolysis. In a general 
way, it has been shown by the inter- 
action between pure proteins and syn- 
thetic surface active agents® that these 
phenomena are governed by mass rela- 
tions between the reactants, by a rela- 
tionship of surface active affinity to 
chemical structure, by pH and by ionic 
charge of the reactants. Likewise, they 
may combine in a chemical sense with 
other vital substances as lipids or carbo- 
hydrates. 

Leukocytic response to surface-active 
agents has been investigated in relation 
to tissue toxicity of antiseptics, and a 
technique has been described for the 
concomitant study of the antiseptic’s ef- 
fect on phagocytosis of staphylococci, as 
well as for its bactericidal effect upon 
the same organism.'® All data in these 
studies pertained to the concentrations 
of surface-active agents capable of stop- 
ping phagocytic activity. No attention 
was reserved for the interesting possi- 
bility that in other concentrations some 
of the surface-active compounds might 
stimulate phagocytic activity. This as- 
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pect of the problem has been studied by 
Berry and associates" in an attempt to 
place the theoretical formulations of 
Fenn” on an experimental basis. They 
found that 5 out of a total of 52 surface- 
active agents tested in vitro increased 
both the number of bacteria ingested 
per neutrophile and also the total num- 
ber of neutrophiles which phagocytized 
the test organism. Further, an increase 
in in vivo phagocytosis was noted when 
the most effective of these compounds, 
“triton”? N-100, was injected intraperi- 
toneally into mice. A similar treatment, 
however, failed to protect mice against 
experimentally induced infections with 
Salmonella typhimurium. These results 
were explained entirely on the basis of 
surface energy relationships in phagocy- 
tosis. No attention was given to the 
contributing role of chemical interaction 
between the surface-active agents and 
the cells involved. 


METHODS 


The present experimental series was initiated 
with two of the major types of surface-active 
compounds, that is, anionic and cationic sub- 
stances. Although several so-called nonionic de- 
tergents were examined, the results are not re- 
ported because of uncertainty that they were 
truly nonionic. A previous publication from this 
laboratory™ described the procedure for prepar- 
ing the phagocytic test system, including white 
blood cell collection from donor animals and 
standardization of cell suspensions. Appropriate 
concentrations of the surface active agents, ad- 
justed to pH 7.0, were introduced into the test 
systems placed in 1070 mm tubes. This system 
usually contained: 


(a) 0.3 ml of bacterial suspension (a heat-killed 
standardized suspension of a 8-hemolytic 
streptococcus, New York 5) 

(b) 0.2 ml of the substance to be tested for 
opsonic power (or serum or Locke solution 
for the control systems) 


. Berry, L. J., Starr, R. W. and Heller, E. C. 
1940. J. Bact. 57: 603-611. 
Fenn, W. O. 1921, J. Gen. Physiol. 4: 373- 
385. 

. Nungester, W. J. and Ames, A. M. 1948. J. 
Infect. Dis. 83: 50-54. 


(c) 0.5 ml of the leukocyte suspension 

The tubes, sealed with paraffin-dipped corks, were 
rotated gently end over end at 37 C for 15 min- 
utes. Duplicate films on slides were made from 
the contents of each tube and stained with 
Wright’s method. In each smear, at least 100 leu- 
kocytes were examined for the condition of the 
cell and its phagocytic activity. The system used 
for grading the activity was essentially that of 
Hamburger," in which the percent of the phago- 
cytes containing bacteria was determined. 


RESULTS 

Surface active-substances on phagocy- 
tosis—The results of these studies are 
summarized in table 1. In general, it will 
be noted that the higher concentrations 
(10-* to 10-4 g per ml) of both the an- 
ionic and cationic agents damaged the 
leukocytes. This effect was augmented 
when the systems did not contain se- 
rum. The protective action of serum is 
corroborated by Ponder,“ who dis- 
covered that both the protein and lipoid 
components of plasma could inhibit red 
blood cell hemolysis by surface-active 
agents. Thus, he inferred that alkyl sul- 
fates and probably other surface-active 
compounds could combine with the leci- 
thin and cholesterol of the cell wall as 
well as with the protein to induce cy- 
tolysis. By this specific combination, 
then, rather than by their surface ten- 
sion lowering properties, these com- 
pounds initiate lysis. It is felt that this 
point of view deserves emphasis. 

Glassman" presents further evidence 
indicating that there may be a specific 
interaction between the surface-active 
agent and the cell surface. By compar- 
ing the behavior of nonionic and ionic 


compounds in concentrations giving 


equivalent surface tensions, ionic com- 


14. Hamburger, H. J. 1912, Physikalisch- 
chemische Untersuchungen Uber Phagozy- 
ten, Wiesbaden. 

15. Ponder, E. 1946, J. Gen. Physiol. 30: 15-23. 

16. Glassman, H. N. 1947, Special Rept. #83, 
Surface Active Agents, Camp Detrick, Mary- 
land. 





CHEMICAL SUBSTANCES AND PHAGOCYTOSIS 


‘ 


TABLE 1.—Action of some surface-active substances on guinea pig phagocytes. 





Classifi- 

cation of 

surface- 
active 
agent 


Trade 


eaeees Type of substance 


Concen- 
tration, 
g/ml 





Percent phagocytosist 





In absence of 
surface-active 
substance and 


Serum Locke's 


Surface 
tension 
in dynes* 


Presence of surface- 
active substances and 





Serum Locke's 





Anionic Duponol Fatty alcohol sulfate 


4-5 
45 
45 
4S 


Ruptured Ruptured 
50-75 Ruptured 
85-90 5 


95 45 





Nacconal Sodium alkyl aryl 


sulfonate 


Ruptured 5-10 a 
aes ne 


5 


meen! Pnud 
= 





Alconox Said to contain 
polyalkylated amines, 
higher fatty alcohols, 


polyphosphates 


Atypical 


1-2 
1-2 





Tergitol Sodium salt of higher 


primary alkyl sulfate 


Atypical Atypical 
20-25 Atypical 

20 0 

35 0-2 





Cationic Phemerol Alkyl dimethyl! benzyl- 


ammonium chloride 


Atypical 
10-15 
25-30 
20-25 


Atypical 
20 


maoca] Uoor| Kane 


50 
55-00 





Sapamine A Diethyl aminoethyloley! 


amide acetate 


10-* 





Atypical Ruptured 
60-65 Ruptured 

70-75 Ruptured 

65-70 1-2 


eno 


* Surface tension of Locke's control =63.2. These measurements were made by Dr. David English. 


t Percent of phagocytes containing bacteria. 


pounds are found to be markedly hemo- 
lytic as compared to solutions of non- 
ionic compounds. The results in table 1 
do not show a correlation between sur- 
face tension lowering and effects on the 
fragility and activity of phagocytes. 
This supports Ponder’s and Glassman’s 
contention that specific interactions 
with cell surface components are more 
significant than surface tension lower- 
ing in altering cell structure and func- 
tion. 

Lower concentrations of several test 
substances, including anionic ‘“‘duponal’”’ 
and ‘‘naccanol”’ and cationic “‘sapamine 
A,”’ when used with serum enhanced the 
percent phagocytosis over that of the 
serum alone. Phemerol, a quaternary 
ammonium compound, was the only 
substance which gave any indication of 
being able to stimulate phagocytosis in 
the absence of serum. Increased phago- 
cytic activity was not observed in the 
systems containing serum probably be- 
cause of the inactivation of the com- 


pounds by the proteins and lipids of the 
serum. A group of 27 compounds, listed 
in table 2, chemically related to phem- 
erol for the most part but lacking its 
surface tension depressing action, were 
supplied by Dr. Fleming of Parke, 
Davis and Co. 

Nonsurface-active substances on phago- 
cytosis—This series of compounds was 
investigated for their effects on phago- 
cytosis. The results, summarized in 
tables 3 and 4, were also verified by 
warm stage observations of treated and 
untreated cells by techniques reported 
by Merchant." Table 4 indicates the re- 
sults of ten of the compounds which 
stimulated phagocytic activity of white 
cells beyond that of untreated controls. 
It was hoped that one or more of these 
compounds could be employed in vivo 
as an artificial opsonin. 

It was recognized that the use of such 
agents as those presented in table 4 in 


17. Merchant, D. J. 1950, J. Infect. Dis. 87: 
275-284. 
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TABLE 2. 


Compound 


Chemical name 
no. 


Chemical nature of compounds studied for action on phagocytes and effect on phagocytosis. 


W. J. NUNGESTER AND ADA May AmEs 


Effect in increasing 
phagocytosis in presence of: 
Serum Locke's 





Canauene 


Dimethyl, 2-ketomorpholinium bromide 


wre 


B-Acetoxyethyl, dimethyl, carbethoxy methyl ammonium bromide 

Allyl diethyl (2-hydroxyethyl) ammonium bromide 2-naphthalene carbamate ester 
(2-hydroxytrimethylene) bis (triethylammonium iodide) carbanilate ester 
Triethyl-a-naphthylmethyloxyethyl ammonium bromide 

Ethyl! (n). hexadecyl! 2-ketomorpholinium bromide 
B-benzhydryloxyethylmethylmorpholinium p-toluene-sulfonate 


8-benzohydryloxyet hyldimethyl-2-ethylhexylcarboxy-methylammonium chloride 
8-benzohydryloxyethyltrimethylammonium bromide 
B-benzohydryloxyethyldimethylcarbethoxymethylammonium chloride 
8-benzohydryloxyethyldimethyl-y-phenoxypropylammonium bromide 

8-ben. ohydryloxyethyldimethyl-(n)-actylammonium bromide 


8-benzohydryloxyethyldimethyl-(n)-amylammonium bromide 


Carbamidomethylisoquinolinium chloride 


6-hydroxyethyldimethyl-y-phenoxypropylammonium bromide 
8-benzohydryloxyethyldimethylpentadecylammonium bromide 
Spiro-(2-ketomorpholine-4,4’-morpholinium) bromide 


Di(carbethoxymethy]) piperidinium bromide 
Diethyl-2-ketomorpholinium bromide 


Butenyl, dimethyl, carboethoxymethylammonium bromide 
Methyl-6-hydroxyquinilinium-p-toluenesulfonate 


Diethylmorpholinium p-toluenesulfonate 


8-formy]-8,8-dimethylethyltrimethylammonium bromide 


“Carbowax 1000 Monostearate” 
Cetylpyridinium chloride 
Cetyldimethylbenzylammonium chloride 
Cetyltrimethylammonium bromide 


parenteral therapy would be restricted 
by their toxicity. Tests performed in 
mice showed that four were sufficiently 
nontoxic to warrant trial in infected ani- 
mals. Use of the four for protective ac- 
tion in mice infected intraperitoneally 
with type I pneumococcus demon- 
strated the effectiveness of two of 
the compounds, Spiro-(2-ketomorphol- 
ine-4,4’-morpholinium) bromide, and 
beta-formyl-beta, beta-dimethylethyl- 
trimethyl ammonium bromide, here- 
after to be referred to as no. 20 and no. 
26, respectively. 

Mice were inoculated intraperitoneal- 
ly with 10~-* ml of type I pneumococcus 
and treated with various dosages of ei- 
ther no. 20 or no. 26. The survival time 
of these was compared with similarly 
inoculated animals which received 0.5 
ml of 0.85% sodium chloride solution. 
The results, as seen in tables 5 and 6, re- 
veal that all untreated controls died be- 
fore the treated animals, including those 
receiving the smallest single daily dose 
of the drug. It was found that small 
(0.1 to 0.5 mg) administered 
several times daily were more effective 
in protecting the mice than a single 
Jarge dose, 


doses 


| 4+ooococooseso ++ 


| 


Effect of selected substances, no. 20 and 
no. 26, on experimental infections.—The 
results of trials of no. 26 in treating 
pneumococcus type I, 2 or 3 infections 
in mice indicated that the effectiveness 
of this compound was primarily limited 
to the type I pneumococcus strain em- 
ployed although slight protection was 
afforded against the type 3 strain used. 
Also, this compound failed to protect 
mice against infections with a virulent 
Proteus, Bacillus anthracis and Kleb- 
siella pneumoniae. Slight evidence of 
protection was evidenced against a £- 
hemolytic streptococcus, group C. It ap- 
pears that the protective effect of no. 26 
was quite specific, a most unusual find- 
ing. 

Rats were inoculated intrabronchially 
with type I pneumococcus suspended in 
mucin in order to test the protective ac- 
tion of the compounds against pneumo- 
coccus pneumonia. The animals receiv- 
ing 1 mg of no. 20 three times daily lived 
longer than the controls, 85 as compared 
to 49 hours, and eight of the 28 treated 
rats survived. None of 31 untreated 
rats survived. In the experiments in 
which no. 26 was used for therapy, the 
survival period for treated rats that ul- 
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timately died was 80 hours and that of 
untreated controls, 40 hours. Four of 20 
treated rats survived while all of the 18 
untreated controls died. 

Mechanisms responsible for protective 
action of no. 20 and no. 26.—The protec- 


TABLE 3. 


tive effect of the compounds against the 
strain of type I pneumococcus employed 
in this work having thus been estab- 
lished, experiments were undertaken to 
further define the mechanism of this ac- 
tion. First, the bacteriostatic properties 


In vitro action of selected chemicals on guinea pig phagocytes. 


Substances which did not stimulate phagocytosis. 


Percent phagocytic activity and condition of cells 


Chemical Number of Concentration 10-8 g/ml 


no experiments 


Serum Locke's 


35-39 
N 
33-35 
N 


20-25 
V 


Concentration 10°? g/ml Concentration 10-5 g/ml 


Serum Locke's Serum Locke's 


43-45 0-5 
N N 


55-59 0-5 
N N 
35-40 55-00 
N N 


35-40 48-50 
Vv N 


0 40-43 
50 N N 
50S 
0 50-58 
D N 


60-65 
N 


50-55 
N 


30-35 
97-98 N 
2-3D 
40-47 
90 N 
10S 


10-20 
Vv 


40-50 
N 
20-30 
G 


40-50 
N 


30-50 
N 





0 
D 


5-10 
50 N 
50 D 





Control series 16 


Serum 55-65% N 


Locke's 0-5% N 


D =phagocytes disrupted; G — = phagocytes lack granules; GR = phagocytes show abnormal arrangement; N =phago- 
cytes normal in appearance; S = phagocytes shrunken; V =vesicles noted on some cells, 
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TABLE 4.—In vitro action of selected chemicals on guinea pig phagocytes. 
Substances which stimulated phagocytosis. 








Percent phagocytic activity and condition of cells 





Chemical Number of 


Concentration 10-* g/ml 
no. experiments 


Concentration 10~¢ g/ml Concentration 10-6 g/ml 





Serum Locke's 


Serum Locke's Serum Locke's 





70-70 22-25 
Cc Cc 


55-60 5-7 60-62 0-5 
N N N N 





20-25 0 
D D 


34-40 


5-10 
c D 





65-70 0-5 
N N 


5-7 
N 





75-80 
Cc 





0 
G 


35-40 
N N 





4 
N 


35-40 
Cc 





1 
22 


40-50 35-40 
Vv Vv 





v 
30 0 
D 


80-85 5-10 
Cc D 





Control series 12 Serum 55-60% 


Locke's 0-5% N 





N =phagocytes normal in appearance; D = phagocytes disrupted; S = phagocytes shrunken; C =specially clear differentia- 
tion of stained cells; V =vesicles noted on some cells; G = phagocytes lack granules. 


of no. 20 and no. 26 were determined for 
pneumococcus types I, 2 and 3, hemo- 
lytic streptococcus, K. pneumoniae, and 
B. anthracis. Concentrations of 10 mg 
per ml of medium of no. 20 were neces- 
sary to prevent the growth of all the 
test organisms. This concentration of 
no. 26 was not bacteriostatic except 
with very low inoculums of the test or- 
ganisms. The requisite concentration of 
either drug for growth inhibition of 
these organisms was approximately 
1000 times the concentration estimated 
to be present in a treated mouse. 

A possible mechanism by which no. 20 
and no. 26 might act in vivo would in- 
volve the metabolism of these drugs by 
the animal with the production of anti- 
bacterial substances having greater ac- 
tivity than shown by the compounds in 
vitro. To test this hypothesis, rats were 
injected intracardially with 4 mg of no. 
20 or no. 26 in 2 ml of saline. The ani- 
mals were sacrificed by bleeding at one 
hour, three hours, and 18 hours after in- 
oculation. The serum samples obtained 
were tested for their antibacterial prop- 


erties against type I pneumococcus 


and $-hemolytic streptococcus; no such 
action was detected. The action of 
breakdown products, if present, is very 
limited. 

It has already been noted that no. 20 
and no. 26 both increased phagocytosis 
of a killed suspension of hemolytic strep- 
tococcus, New York 5. Similar findings 
were made using pneumococcus type I 
suspensions. 

The defense mechanism of the intact 
animals was next studied. First, the in 
vivo phagocytosis in mice as affected by 
these drugs was investigated. Each ani- 
mal received intraperitoneally 0.5 mg of 
no. 20 or no. 26, or an equivalent volume 
of saline plus 10-* ml of either type I 
pneumococcus or $-hemolytic strepto- 
coccus. The animals were sacrificed at 
intervals of 15 minutes, two hours, and 
four hours. The peritoneal cavity was 
rinsed with 2 ml of saline and duplicate 
films on slides made from the recovered 
fluid. One film of each pair was stained 
by Wright's method and the other with 
Gram’s technique. The previously de- 
scribed procedure was used to measure 
phagocytosis. When possible, 100 leuko- 





Treatment 


None 

No. 20 
1.0 mg 
1 X /day 


None 
No. 20 
0.1 mg 
3x day 


None 

No, 20 
0.5 mg 
3 x /day 
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TABLE 5 


The treatment of pneumococcus type I infections in mice with 


spiro (2-ketomorpholine 4,4'morpholinium) bromide (no. 20). 


Approx. 10 LD, 


Survival 
time 


Survivors 
inoculated 


30 hr 


60-72 hr 


28-35 hr 


60-72 hi 


40 hr 


120 hr 


Approx. 100 


Survivors 
inoculated 


LD 


Survival 
time 


24 hr 


70 hr 


24 hr 


55 hr 


24 hr 


80 hr 


100 +LD 


Survivors 
inoculated 


Survival 
time 


24 hr 


60 hr 


24 hr. 


40-50 hr 


cytes were examined, but frequently the 
limited number of cells on the slides re- 
sulted in an observation of but 50 cells. 
Slight evidence of intraperitoneal phag- 
ocytic activity was discovered on exami- 
nation of these slides. Bacteria were on 
all of the slides from untreated animals. 
In the treated series although the or- 
ganisms were easily demonstrated on 


TABLE 6. 


hour and three hours, and the spleens 
removed. A sample of the blood and a 
portion of the finely ground spleens 
were plated in appropriate dilution onto 
blood agar. The plates were incubated, 
counted and the organism distribution 
charted as shown in tables 7 and 8. A 
pattern evident at one hour is well-de- 


fined at three. The organism concentra- 


The treatment of pneumococcus type I infections in mice with 


8-formyl-p-dimethylethyltrimethyl ammonium bromide (no. 26). 


10 LD, 


100 LD 100 


+LDoo 


‘ree -nt 
Treatmen Seetalaiean 


inoculated 


Survival 
time 


Survivors 
inoculated 


Survival 
time 


Survivors 
inoculated 


Survival 
time 


None 0 50-— 60 hr 
No. 26 
1.0 mg 4/18 50 
2x, day 


96 hr 


None 36- 40 hr 


No. 26 
0.1 mg 90-120 hr 
3X /day 

40— 55 hr 


90-140 hr 


the 15-minute specimens, by two hours 
a marked reduction of pneumococci was 
noted, and at four hours very few could 
be found. 

This disappearance of the pneumo- 
cocci in mice treated with no. 20 or no. 
26 suggested an experiment to deter- 
the in the test or- 
ganism. Rats inoculated 
cardially with no. 20, no. 26, or an equiv- 


mine vivo fate of 


were intra- 


alent volume of saline plus type I 


pneumococcus. The animals were sacri- 


ficed by bleeding at 15 minutes, one 


0/18 40— 48 hr 0/18 24- 30 hr 


70— 90 hr 0,18 60 —80 hr 


34— 40 hr 


90-136 hr 


40- 45 hr 24- 3O hr 


70-120 hr 60-120 hr 


tion in the blood of treated rats was sig- 
nificantly less than in that of untreated 
animals. At the same time, the concen- 
tration of pneumococci in the spleen 
was greater in the animals receiving 
either no. 20 or no. 26. These effects sug- 
gest an in Vivo opsonic action in which 
phagocytosis by the fixed phagocytic 
cells of the spleen is markedly increased. 

At this point in the program it was 
observed that cultures of pneumococcus 
type 1 growing in brain heart infusion 
broth containing 1 to 10 mg per ml of 
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TABLE 7 Pneumococci in blood and spleen of 


rats at wnterval 


following intracardial 


inoculation with and without no, 20 


3 hours 
108 


1 hour 
x 108 


15 minutes 
108 


Treat- 
ment no 


Experi 
ment 


Blood 
400 50 
500 4 
400 ,000 500 
500 ,000 50 50 
650 ,000 600 30 
40 70 4 


100 


5 
600 


Spleen 
400 
400 

400 ,000 
400 


00 
700 
50 
1,000 
© 


6 
300 100 ,000 


no. 26 produced a sediment in the bot- 
tom of the tube and a completely clear 
supernatant. This effect was noted to a 
limited extent with pneumococcus type 
3 but not with one strain of type 2 nor 
any other organism yet tested. (See fig. 
1.) The apparent specificity of this effect 
is quite striking. The effect is entirely 
ol 
counts of the resuspended sediment are 


devoid bacteriostasis since plate 
equal to counts of control cultures with- 
out the drug. 

The effect of no. 26 on the reaction be- 
tween pneumococcus polysaccharides 
and their specific antiserums was tested. 
One mg of this drug per ml of polysac- 
charide solution greatly reduced the 
amount of precipitate formed with anti- 


serum in a dilution of 1:10% of pneumo- 


r 
| 





PNEUMO- 
cOccUuUS | 
TYPE UZ 


PNEUMO- 
| COCCUS 
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coccus I polysaccharide. This effect was 
not noted in higher (1:10?) concentra- 
tions of polysaccharide, in which dilu- 
tion reactions occurred in the control 
series. With pneumococcus type 3 poly- 
saccharide, the volume of precipitate 
was reduced by no. 26, but precipitation 
in a dilution of 1:10° of the polysac- 
charide still occurred in the presence of 


TABLE 8. 
rats at intervals following intracardial 


Pneumococci in blood and spleen of 


inoculation with and without no. 26. 


3 hours 
x108 


1 hour 
x 108 


T reat- 
ment no 


Experi- 
ment 


15 minutes 
3 


Blood 
3 50 

5 30 

50 ,000 100 
100/000 200 


40 ,000 
5 


400 ,000 
90 

Spleen 

20 

60 

60 

300 


5 
60 ,000 
500 


100 ,000 50 ,000 


the drug. No effect of the drug on the 
reaction between pneumococcus type 2 
polysaccharide and its antiserum was 
noted. The blocking effects of these sub- 
stances are being further investigated 
with Mr. 
Frederick Kull. 

It has been observed that the com- 


quantative techniques by 


pletely clear supernatant fluid of type I 
pneumococcus growing in the presence 
of no. 26 on occasions becomes turbid 





FRIED- 
LANDERS 
BACILLUS 


PNEUMO- 
COCCUS 
TYPE 





} TYPE I 
fponesgestatitpcii | 


} NO. 26 contro. NO. 26 |CONTROL 


Fic. 1. 


on growth in brain-heart infusion broth. 


NO. 26 |CONTROL 








The effect of no. 26, 0.1% (8-formyl-3,3-dimethylethyltrimethyl-ammonium bromide), 
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with further incubation. It has been sur- 
mised that the polysaccharide formed 
during growth ultimately combined 
with and inactivated the drug. This 
thought finds confirmation in the fact 
that 1.0 mg of SI added to 10 ml of me- 
dium with 1 mg of no. 26 prevents the 
sedimenting type of growth. 

Another type of experiment which in- 
dicates a union between no. 26 and SI is 
the neutralization of the therapeutic ef- 
fects of no. 26 by SI on pneumococcus 
type I vaccine. In these experiments, 
solutions of no. 26 were treated with a 
heavy vaccine of pneumococcus I or K. 
pneumoniae and then filtered through a 
Seitz pad. Another sample of the drug 
was treated with SI. Mice inoculated 
with pneumococcus type I intraperi- 
toneally were then treated with saline, 
the drug alone or the ‘“neutralized’”’ 
drug, prepared as indicated. The per- 
cent survivors of 10 mice in each group 
was as follows: (a) No treatment—0%, 
(b) no. 26 alone—90%, (c) no. 26 
treated with SI—10%, (d) no. 26 
treated with pneumococcus I vaccine— 
0%, and (e) no. 26 treated with K. pneu- 
moniae vaccine—50%. It thus appears 
that pneumococcus I vaccine or SI can 
neutralize the therapeutic effectiveness 
of no. 26 compound. 

It seems that no. 26 simulates pneu- 
mococcus type I antibody in several 
ways. Obviously, the chemistry of the 
two is entirely different. However, the 
question has been raised as to whether 
or not the no. 26 molecule contains in a 
physical sense, a significant portion of 
the surface of the antibody molecule 
concerned with its reaction with SI. 
Work is in progress to further develop 
this consideration. 


DISCUSSION 


It was hoped that a study of the effect 
of various types of substances known to 
concentrate at surface interfaces and to 


lower surface tension would show differ- 
ences in ability to stimulate phagocyto- 
sis. One of the cationic surface-active 
substances investigated, phemerol (al- 
kyldimethylbenzyl ammonium chlo- 
ride), did just this. However, another 
cationic substance, as well as anionic de- 
tergents, had no such effect in nontoxic 
concentrations. Furthermore, other sub- 
stances, not surface-active, had similar 
effects. Thus it was not possible to sup- 
port the hypothesis that surface tension 
lowering is a critical property of sub- 
stances which function as opsonins. 

Many of the substances examined 
were related to phemerol in that they 
possessed a tetra-ammonium structure. 
By no means, however, was this a cardi- 
nal characteristic insuring activity in in- 
creasing phagocytosis. It is well to avoid 
additional generalizations on the rela- 
tion of chemical structure to the ability 
of a substance to increase phagocytosis, 
but rather deem it sufficient to empha- 
size the fact that relatively simple sub- 
stances may increase phagocytosis. It 
should be kept in mind that such sub- 
stances may act either on surface com- 
ponents of the phagocyte or on intra- 
cellular systems, as in the case with as- 
corbic acid. Increasing phagocytic ac- 
tivity is probably much more compli- 
cated than the simple alteration of the 
relative electrostatic charges or surface 
energies of parasite and phagocyte. Fur- 
ther study of this important phenome- 
non holds a challenge for those inter- 
ested in the fundamental aspects of re- 
sistance. Also those with a healthy skep- 
ticism for the current trend of thinking 
only of the bacteriostatic drugs for the 
treatment of infectious diseases could 
well be on the alert for methods to in- 
crease the natural mechanisms of resist- 
ance by further investigation of the 
phenomenon of phagocytosis. 

An entirely unexpected finding has 
come from these studies, namely, the 
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effect of two compounds, no. 20 and no. 
26, in protecting mice against a strain of 
type I pneumococcus and a specific ac- 
tion in greatly altering the growth char- 
acteristics of this particular organism in 
liquid medium. The relation of structure 
of this substance to its effects on phago- 
cytosis in vitro and in vivo, its immuno- 
logical reactions, and its influence on 
growth characteristics as reported here 
are studied further by Mr. 
Frederick Kull. Stimulated by the re- 
sults obtained to date, the authors wish 
to emphasize the opportunities offered 
by studies of relatively simple com- 


being 


pounds as an approach to the phenome- 
non of immunological specificity or 
specificity in general. Is it possible that 
these simple compounds simulate the 
distribution pattern of physical forces 
of the reactive groupings on the anti- 
body macromolecules? 


SUMMARY 

surface-active 
and cationic, were 
several concentrations for 


A number of 
pounds, 


com- 
anionic 
studied in 


their effect on phagocytosis in the pres- 


ence or absence of serum. The cationic 


quaternary ammonium compound phem- 
erol attracted attention since it stimu- 
lated phagocytosis in the absence of se- 
rum. There seemed to be fittle relation- 
ship between surface tension lowering 
and ability to stimulate phagocytosis. 

Thirty selected compounds, mainly 
not but more or less 
structurally related to the quaternary 
ammonium nucleus of phemerol were 


surface-active, 


studied. Two of these were shown to in- 
crease phagocytosis in vitro in the pres- 
ence of serum, to increase phagocytosis 
in vivo and to protect mice and rats 
against several lethal doses of pneumo- 
coccus type I. The compounds were not 
significantly bacteriostatic. 

One of these compounds has been 
found to specifically effect pneumococ- 
cus type I and to produce a sediment 
growth in broth. This effect, as well as 
the therapeutic effect in mice, is neu- 
tralized by SI. In turn, this compound 
interferes with SI-anti-SI reactions and 
to a slight degree, S3 and anti-S3, but 
not $2 and anti-S2 antigen-antibody re- 
actions. Thus, it appears to mimic pneu- 
mococcus type I antibody in several sig- 
nificant ways. 
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Since the work of Rhumble! and Tait? 
and the theoretical formulations of 
Fenn® surface energy relationships of 
phagocytic cells have been considered 
important factors in deciding whether 
or not particles could be phagocytized. 
Unfortunately, there are no methods 
available for measuring interfacial ten- 
sion between the surfaces of phagocytes 
and particles to be phagocytized. Elec- 
trophoresis techniques, however, can 
and have been used to investigate the 
possible role of alterations in surface 
charge of cells involved in phagocytosis. 
This paper reports the results of electro- 
phoretic studies of bacteria and phago- 
cytes in the presence of surface-active 
compounds in two major categories, an- 
ionic and cationic. Several so-called 
nonionic detergents were also investi- 
gated, but these data were not included 
due to uncertainty as to whether or not 
the substances were actually nonionic. 
In addition, several compounds are in- 
cluded which are not surface-active as 
far as lowering surface tension is con- 
cerned, but which have been shown to 
increase phagocytosis under appropri- 
ate conditions. 


EXPERIMENTAL 


The equipment and techniques for the elec- 
trophoretic measurements have been discussed 
at length by Abramson et al.‘ The electrophoresis 

Received for publication June 8, 1951. 
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apparatus used in the present series of investiga- 
tions consisted of a microcell of the type de- 
scribed by Northrup and Kunitz.6 It has two 
sealed-in platinum electrodes to which was at- 
tached an oscilloscope for reading directly the 
potential drop across the field. The cell was con- 
nected to nonpolarizing electrodes of Cu-CuSO, 
by very short rubber tubes. At first, plaster-of- 
Paris plugs were interposed to prevent migration 
of CuSO, from the electrode chamber into the cell. 
Later, a sintered glass boundary (medium grade) 
and a side arm controlled by a glass stopcock 
installed on the cell side of the membrane were 
built into the electrode vessels to enable the 
operator to flush out any CuSO, which diffused 
through the sintered glass prior to each run. Time 
formerly lost by the frequent replacing of fouled 
or cracked plaster-of-Paris plugs was thus saved. 

Fresh human erythrocytes, suspended in the 
same buffer, were used early in these studies to 
determine a cell constant for changing observed 
velocities to mobilities in terms of microns per 
second per unit potential gradient. Abramson® has 
shown that the cataphoretic velocity of human 
erythrocytes is quite constant and equal to 1.19 
to 1.35 mw per second per volt per cm when sus- 
pended in phosphate buffer. 

Reliance on calibration with a biological ma- 
terial did not seem entirely satisfactory. Also, it 
was desirabJe to make frequent measurements of 
the potentia) gradient during an experiment. 
Hence, direct physical methods for measuring the 
potential gradient were sought. This can be done 
in two ways. Knowle/geof thecurrent flow and the 
resistance of the solution can be used to calculate 
the potential gradient. A second procedure in- 
volves measuring the actual potential between 
two platinum electrodes sealed into the cell. This 
value, along with knowledge of the distance be- 
tween these electrodes, supplies the necessary 
data for determining the potential gradient. The 
latter method is the most direct and convenient, 
providing voltage is measured with a minimum of 
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current flow so as to avoid the complications of 
polarization potentials. A very high resistance 
volt meter must then be used. One of the best 
meters for this purpose is the oscilloscope, having 
its amplifiers disconnected. Connections from the 
cell are made directly across the vertical plates of 
the oscilloscope with a connection of each plate 
to ground through a resistance of 5 megohms. 
Therefore, for each volt of potential across the 
cell, only 0.1 microampere flows between the two 
electrodes. The oscilloscope must be calibrated in 
volts per centimeter of deflection of the beam. 
This is easily done by employing a battery, the 
potential of which can be measured by the usual 
methods. In all work reported in this paper, the 
potential gradients were measured repeatedly 
during the course of an experiment by the oscillo- 
scope method. 

It is recognized that the electrophoretic mobili- 
ties as measured in the microscopic cell vary with 
the level in which the particle is floating. It is 
accepted practice to make measurements at levels 
0.21 or 0.79 of the depth of the cell from the top. 
In this work, eight or nine different measurements 
were made on each particle. This data when 
plotted gave a curve; two values corresponding 
to the 0.21 and 0.79 levels were used in calculating 
mobilities. Also, similar curves were made with 
the polarity of the cell reversed. 

The Tiselius moving boundary instrument was 
also used during the course of these studies. This 
apparatus is not ordinarily used for particles as 
large as leukocytes or bacteria. However, by in- 
creasing the viscosity of the buffer solution 
slightly with egg albumin or gum ghatti, good 
boundaries were obtained. The mobilities as cal- 
culated from Tiselius apparatus data agreed very 
closely with values obtained with the Northrup- 
Kunitz micro-cell. 

Electrophoretic measurements were made on 
three types of particles: (a) 6-hemolytic strepto- 
coccus (New York 5). The culture was grown for 
18 hours in brain-heart infusion broth at 37 C. It 
was then concentrated and washed by repeated 
centrifugation and resuspension in 0.85% saline. 
lhe cells were heat-killed at 80 C for 30 minutes. 
Turbidity was standardized at 37% transmission 
on a photoelectric nephelometer (Lumetron), 
using distilled water as 100% transmission. A 1:5 
dilution of this stock suspension was found satis- 
factory for electrophoresis measurements. (b) 
Pneumococcus type I. A five- to six-hour culture 
grown in brain-heart infusion broth at 37 C was 
used. The standardization followed the same 
procedure described for the streptococcus. (c) 
Guinea pig leukocytes. The method for obtaining 
leukocytes from guinea pigs in large quantities 
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has been described in detail in a previous paper 
from this laboratory.” It was found that a 1% 
suspension of the leukocytes made from packed 
cells gave a satisfactory concentration for the 
electrophoretic measurements. 

As has been shown by others,® the electro- 
phoretic mobility of a particle depends upon both 
the organism and the suspending fluid in which 
the measurements are made. It was necessary in 
the course of these investigations to use four dif- 
ferent suspending fluids. Therefore, the electro- 
phoresis of all particles was measured in each of 
the solutions. The four fluids employed were: 
Locke's solution, pH 7.0; M/15 phosphate buffer, 
pH 7.0; normal guinea pig serum diluted 1:2 with 
phosphate buffer, pH 7.2; and immune guinea 
pig serum diluted 1:2 with phosphate buffer, 
pH 7.2. 

Because of the importance assigned to energy 
relationships at cell surfaces in most explanations 
of phagocytosis, surface-active agents belonging 
to the anionic or cationic groups were employed 
to produce surface alterations. Although both 
surface tension and surface tension time drop 
measurements were made on many of the systems 
using the DuNuoy tensionmeter, it is recognized 
that such measurements are not entirely suited to 
the purpose. They do not measure the interfacial 
tensions between phagocyte and bacteria. Un- 
fortunately, no method is available for making 
this crucial measurement. The effects of the vari- 
ous concentrations of the surface-active agents on 
phagocytic activity were measured by the tradi- 
tional method of Hamburger® and have been re- 
ported.!° 

In addition to the anionic and cationic surface- 
active compounds, several other chemical ma- 
terials, not surface-active but shown in earlier 
studies" to enhance phagocytic activity, were also 
introduced into electrophoretic systems for ob- 
servation. One of these compounds possessed an 
action remarkably specific for pneumococci. 
Hence this organism was included in these 
studies. 
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LOCKE SOLUTION— PH 7.0 
PHOSPHATE BUFFER Mj5—PH 7.0 
EGG ALBUMIN 0.1%— PH 7.0 


GUM GHATTI 1.0.% — PH 7.0 


Fic. 1.—Comparison of cataphoretic mobilities of 8-hemolytic streptococci, New York 5, in various 
suspending fluids using Tiselius and micro-cell techniques. 


RESULTS 


Measurement of the electrophoretic 
mobilities of bacteria and leukocytes by 
the two methods, in the micro-cell and 
by the Tiselius moving boundary tech- 
nique, gave quite similar results (see fig. 
1). Thus it is only necessary to discuss 
data obtained with the more practical 
apparatus, the micro-cell. 

The ranges of measured mobilities of 
the bacteria or leukocytes investigated 
in each of several different suspending 
solutions are indicated in figure 2. In 
Locke’s solution, pH 7.0, the particles 
moved more rapidly than in any other of 
the suspending mediums. The mobilities 
of particles suspended in M/15 phos- 
phate buffer, pH 7.0, were somewhat 
slower than in Locke’s solution. All par- 
ticles, bacteria or leukocytes, moved 
slower when suspended in normal guinea 
pig serum diluted 1:2. The greatest 
change in mobility was observed in 
measurements of streptococci suspended 


in immune (antistreptococcus) guinea 
pig serum which had an agglutinating 
titer of 1:160. All particles observed, 
bacteria as well as phagocytes, when 
suspended in these fluids were electro- 
negative. The correlation of the effects 
of normal and specific immune serums 
in decreasing the mobilities of the bac- 
teria and increasing phagocytosis was 
made originally by Mudd et al.” This 
observation was based on the earlier 
findings of Northrop and DeKruif* 
that specific immune serum decreased 
the electrostatic charge of bacteria. 
Thus, the findings reported by the pres- 
ent authors extend these earlier obser- 
vations by demonstrating that the leu- 
kocytes are also negatively charged and 
that their mobility is reduced by normal 


12. Mudd, Stuart, Licke, B., McCutcheon, M. 
and Strumia, M. 1929, J. Exper. Med. 49: 
779. 

13. Northrop, J. H. and DeKruif, P. H. 1921, J. 
Gen. Physiol. 4: 639. 
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and guinea pig leukocytes. 


homologous serum as compared to buffer 
solutions. 

Anionic surface-active agents did not 
alter significantly the electrophoretic 
mobility of either bacteria or leuko- 
cytes, as illustrated by data in tables 1 
and 2. The effects of Duponol are pre- 
sented as representative of this group. 
Nacconol and Alkonox given 
similar results. Cationic surface-active 
agents in high concentrations markedly 


have 


TABLE 1. 





Comparison of suspending fluids on cataphoretic mobilities of streptococci, pneumococci, 


slow the mobilities or even reverse the 
charge on bacteria in certain suspending 
fluids. Both Sapamine-A and Phemerol 
had this effect. These findings agree 
with the published data of Dyar and 
Ordal.'* Normal serum as a suspending 
medium, however, prevented the rever- 
sal of charge, probably due to the com- 


14. Dyar, M. T. and Ordal, E. re 1946, J. Bact. 
51: 149-167. 


Mean cataphoretic mobility* of guinea pig polymorphonuclear leukocytes as affected by 
ys g y Ll 


various types of substances and suspended in several fluids. 


Locke solution 


Concentration of 


Phosphate buffer Normal guinea pig serum 





substance B Cc D 





10-1 
10°? 
10-3 
10-¢ 
1075 
10-6 
1077 
10-8 
Control 


A =anionic agent—Duponol 

B =cationic agent—Phemerol 

C =quaternary ammonium compound—no. 20. 
D =quaternary ammonium compound—no. 26. 


* Mobility expressed in «/sec/volt/cm. Values given represent the mean of data collected in 


runs. 


B Cc D 


at least three separate 
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bining effect of proteins with these com- 
pounds. The data obtained with Phem- 
erol presented in table 1 indicate that 
the cationic surface-active agents do not 
conspicuously affect the mobility of 
leukocytes. 


Among the compounds studied for 
their effect on the mobilities of bacteria 
and leukocytes, two, though not sur- 
face-active, were selected because of 
their ability to stimulate phagocytic ac- 
tivity." These compounds, quaternary 


PABLE 2. 


65 
streptococcus. A few measurements 
made on leukocytes in the presence of 
various concentrations of no. 26 and no. 
20 are found in table 1. Leukocytes pre- 
sented difficulties in the measurements 
of electrophoretic mobilities because of 
their tendency to settle in the cata- 
phoretic cell. 


CONCLUSIONS 


From the data presented the most 
striking observation deals with the un- 


Mean cataphoretic mobility* of 8-hemolytic streptococci as affected by various types of 


substances and suspended in several fluids. 


Concentration 
of substance 


Locke solution 


A B Cc 


10°! 
10°? 
10-3 
10-¢ 
1075 
10-6 
10-7 
1078 J 
Control § 1.0 


Values expressed 
4 =anionic agent 
B =cationic agent 


cataphoretic mobility in u/sec 
Duponol. 
Phemerol 

C =quaternary ammonium compound 


no. 20. 
D =quaternary ammonium compound 


no. 26 


* Mobility expressed in u/sec/volt/cm. Values given represent the mean of data collected in at least 


ammonium salts, were Spiro-2-keto-mor- 
pholine-4,4’-morpholinium bromide, and 
B-formyl-8, B-dimethylethyltrimeth- 
ylammonium bromide, to be indicated 
hereafter as numbers 20 and 26, re- 
spectively. The cataphoretic mobili- 
ties of streptococci in the presence of 
no. 20 and no. 26 are given in table 2. 
They had practically no effect. Pneu- 
mococci, alone of the several organisms 
observed," were stimulated by com- 
pound no. 26 to form a sedimenting 
growth leaving a clear supernatant. Cat- 
aphoretic studies revealed that concen- 
trations of 10~* to 10-* g per ml of this 
substance gave a mobility of 1.5 as com- 
pared to a control measurement of pneu- 
mococci suspended in phosphate buffer 
alone, of 2.2, or in normal serum, of 0.6. 
Thus, no. 26 had a greater effect on the 
mobility of pneumococcus than on 


Phosphate buffer 


volt /cm. 


Normal guinea pig Immune guinea pig 


D 


NNKKRKN 
NNN 


three separate runs 


usual situation that electronegatively 
charged leukocytes are attracted to 
and phagocytized by electronegatively 
charged bacteria. This presents a most 
unusual physical situation, particularly 
since the surface areas of the two types 
of particles are not greatly different. Al- 
so, it appears from the electrophoretic 
data presented in this paper and the 
phagocytic studies of the preceding 
paper that the electrostatic charge of 
bacteria leukocytes currently 
measured does not supply a satisfactory 
index as to the expected phagocytic ac- 
tivity in a system. Studies designed to 
reveal differences in electrostatic charge 
on parts of the leukocyte surface might 
give more significant findings. It seems 
quite probable, if not necessary, that 
the portion of the leukocyte surface 
which comes into contact with the elec- 


or as 
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tronegatively charged bacteria should 
carry.a zero charge, if not a positive one. 
The challenge remains to supply ade- 
quate data to support such a hypothesis. 
On the other hand, it is possible that 
too much attention has already been 
directed to surface tension and electro- 
static charge, yet the crucial steps in the 
phagocytic process may not be funda- 
mentally physical. 


SUMMARY 


of the tech- 
nique for measuring the electrophoresis 
of particles in a micro-cell have been 


Several modifications 


made, including an electrode wash-out 
system and measurement of the poten- 


tial gradient with an oscilloscope. Meas- 
urements of particles in the micro-cell 
and by the Tiselius technique gave 
similar results. 

The mobilities of both bacteria and 
leukocytes measured in various sus- 
pending fluids were usually electro- 
negative. In high concentrations of 
cationic detergents the charge of bac- 
teria was decreased and even reversed. 
These substances had very little effect 
on the mobility of leukocytes. Mobili- 
ties of bacteria were greatest in Locke’s 
solutions and somewhat less in phos- 
phate buffer. They were slowed and 
stabilized to the greatest degree in im- 
mune serum. 
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Emmons! first reported the isolation 
of Histoplasma capsulatum from soil in 
1949. He also reported that this organ- 
ism would grow in the laboratory on 
sterilized soil with a high humus con- 
tent. The organism sporulated freely 
when the soil was moistened and con- 
tained dung and humus. Recently? he 
reported the isolation of H. capsulatum 
from a total of 6 soil samples out of 
more than 400 tested and also demon- 
strated the presence of typical tubercu- 
late spores in soil. Thus, it appears that 
H. capsulatum has a free-living sapro- 
phytic existence in soil. The conditions 
necessary for its growth in nature, how- 
ever, have not been determined. 

In an effort to determine the condi- 
tions necessary for the growth of H. 
capsulatum, experiments were conducted 
in which the fungus was grown on bark 
and soil at controlled temperatures and 
humidities in closed chambers. In addi- 
tion, experiments were conducted with 
Sporotrichum schenckii and Blastomyces 
dermatitidts. 


MATERIALS AND METHODS 


Varying humidities were obtained by adding 
measured amounts of sodium chloride or sulfuric 
Received for publication June 11, 1951. 
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acid to distilled water. Data concerning vapor 
pressure lowering with sodium chloride were ob- 
tained from the International Critical Tables,’ 
data for use of sulfuric acid from Parkes.‘ These 
methods of lowering vapor pressure appear to be 
relatively accurate as confirmed by the studies of 
Sweetman,® Buxton et al,* and Griffiths.” 

In the experiments varying amounts of sodium 
chloride or sulfuric acid were added to measured 
quantities of distilled water in flasks, which were 
then autoclaved. Approximately 300 ml of each 
concentration of the sterile sodium chloride or 
sulfuric acid solution were placed in sterile jars. 
The 100% relative humidity jars contained only 
distilled water. The lids were tightly secured 
after inoculation. 

Wide-mouth quart jars with screw-capped lids 
were used as chambers for the experiments. In- 
side the jars small petri dishes were taped to the 
top of Coplin staining dishes so that the fluid in 
the jars was at least 2 inches below the small 
petri dishes. The substrate to be inoculated (hark 
or soil) was placed in the small petri dishes. The 
jars were autoclaved before use. 

The substrate which was placed in the small 
petri dishes in the jars consisted of severai types: 
3. National 

tional 


Research Council. 1928, Interna- 
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Physics, Chemistry and Technology, ed. 1, 
New York, McGraw-Hill Book Co. 3: 297- 
369-370. 

. Parkes, J. W. 1924, The Concentration of Sul- 
furic Acid, ed. 1, London, Gurney and Jack- 
son. p. 26. 

. Sweetman, H. L. 1933, Studies of chemical 
control of relative humidity in closed spaces. 
Ecology, 14: 40-45. 
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. Soil—surface soil gathered from the Uni- 
versity grounds. 

a. Used as collected after autoclaving for 1 
hour at 122 C and 18 pounds pressure 
without drying or addition of water. 
Wet—approximately 1 ml distilled water 
was added to each 6 g of soil used. 

c. Dried of which was 
heated in a gas drying oven for 3 days at 
temperatures of 110 to 130 C. During the 


b 


consisted soil 


third day the temperature was raised to 
170 to 180 C for 1 hour. 

Bark from live elm trees (Ulmus americana 

or Ulmus fulva) collected locally and used in 

small pieces (4X2 inches). 

a. Wet—the bark was floated in distilled 
water for 4 hour before being transferred 
to the petri dishes. 

b. Dried—the bark was dried in the same 
manner as the soil. 

Growth was observed in the experimental 
chambers for periods of 6 to 8 weeks, after which 
the experiment was terminated and tests for 
viability of the organisms were performed. These 
tests were performed in two ways: (1) subcultur- 
ing to appropriate mediums with observation for 
characteristic growth and the production of typi- 
cal spores, and (2) placing the unopened jars at 
room temperature and observing for the appear- 


TABLE 1 


ance of typical growth, which was then subcul- 
tured. 

The inoculum sisted of 1- to 3-month-old 
potato dextrose agar cultures of H. capsulatum 
(strain 629 from « human case), or a 6-week-old 
culture of ? ititidis (strain P48), or a 6-day- 
old culture o! S. schenckii (Conant strain). A 
loopful of mycelium was scraped from the surface 
growth avoiding as far as possible inclusion of 
any medium. This loopful then was planted in a 
central, well marked location on the soil or bark 
which was to be inoculated. 


EXPERIMENTS AND RESULTS 

Twenty-two experiments were per- 
formed involving different temperature 
and humidity conditions for the growth 
of H. capsulatum. Six experiments were 
formed with B. 
with S. schenckii. 

The results of all of the experiments 
are summarized in table 1, which shows 
the effect of different temperatures and 
varying humidities on the growth of the 
fungi. It is evident from the study of 
table 1 that H. capsulatum did not 
grow in any of the experiments at less 


dermatitidis and six 


Effect of humidity and temperature on the growth of H. capsulatum, 


S. schenckii, and B. dermatitidis. 


Organism Medium 


Temperature ciaaaidapapall 
100 


Growth at designated percent relative humidity 


98 


97 





5C Soil* 


None 


Nonet 





10 C Soil* None 


None 





Dried bark 
Dried soil 
Wet soil 
Wet soil 
Soil* 

Soil* 


Fair 

Poor 
Good 
Good 
Poor 
Poor 


None 
None 


None 
Nonet 


Nonet 





H. capsulatum Wet heii ined 
Wet soil 
Wet soil 


Good § 
Good 
Good 


bark 
soil 
soil 


Wet 
Wet 
Wet 


None 
None 
None§ 
None 


bark 
soil 
soil 


Wet 
Wet 
Wet 


50 C 


S. schenckii 28-30 C Dried bark 


B. dermatitidis 20-25 C Wet bark Good 


Nonet 


in Nonet§ 


Viability tests were performed at the end of the experiment on each jar. Unless otherwise noted, all viability tests were 
negative. Results of experiments employing less than 93 “{ relative humidity are recorded below. 
* These soil samples were used as collected after autoclaving without drying or addition of water. 


t Viable at the end of the experiment. 

~ 90°)—none, 80%—none, 76% —none. 

§ 90% —none, 76%—none, 64%—none. 
87% —none, 80% —none, 76% —none. 

¥ 83°%—none, 67%—none, 57% —none. 
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than 100% relative humidity. In fact, 
this humidity dependence appeared to 
be so critical that the organism did not 
grow when the humidity was lowered 
by as little as 2%. This finding was 
true for both methods of lowering humi- 
dity and also was true for B. dermatiti- 
dis. On the other hand, S. schenckii was 
not nearly as critical in its humidity 
demands since growth was evident down 
through the 93% relative humidity but 
was absent from the 87%. These results 
with S. schenckit confirm earlier experi- 
ments reported by Brown et al. 

An interesting observation derived 
from table 1 is that H. capulatum has 
a relatively narrow temperature range 
for growth. No growth was observed at 
temperatures of 5 or 10 C nor at tem- 
peratures of 40 or 50C. H. capsulatum 
grew at temperatures of from 20 to 30 
C. Large fluffy white colonies which 
were quite similar to the growth seen 
on artificial laboratory mediums were 


observed on the bark. On the other 
hand, the growth in soil was consider- 
ably more difficult to observe, but on 
occasions the growth was quite evident 
and appeared similar to that seen on 
bark. 


Another observation evident from 
table 1 is that the organism grew better 
on bark or soil which was wet prior to 
inoculation. If the soil was thoroughly 
dried, growth was usually meager and 
rather slow in appearing. When wet 
substrates were used the organisms 
grew faster and colonies were larger. In 
fact, definite growth first was observed 
at 1 week on the wet soil or bark but was 
delayed until 3 weeks on the dried soil 
or bark. Growth on the soil neither 
moistened nor dried was observed at 
8. Brown, R., Weintroub, D. and Simpson, M. 
W. 1947, Sporotrichosis infection on mines of 
the Witwatersrand. A symposium. The Trans- 
vaal Chamber of Mines, Johannesburg, South 
Africa, pp. 16-20, 


2 weeks. On the other hand, in certain 
unpublished experiments it was found 
that if the soil was wet excessively 
(4 ml or more distilled water added to 
each 6 g of soil), no visible growth oc- 
curred. 

Also seen in table 1 are the results of 
tests for viability of the spores at the 
end of the observation period of 6 to 
8 weeks. 

Soil was not too satisfactory for the 
demonstration of viability as the inocu- 
lum disappeared into the soil and it was 
difficult to be certain that subcultures 
were made from the area in which the 
original inoculum had been placed. At 
5 C one subculture was found to grow, 
which indicated that the spores had not 
been killed by standing at this tempera- 
ture for 6 to 8 weeks. At 20 to 25 Ca 
number of positive subcultures were ob- 
tained from experiments at different 
humidities, and it was found that the 
organism was not harmed by standing 
at this temperature even though no 
visible growth had been observed. 

At 40 C one of 6 jars was found posi- 
tive by culture, whereas at 50 C none 
of 6 jars was found viable after the 
observation period of 6 to 8 weeks. 


DISCUSSION 


The experiments reported in this 
paper serve to outline some of the condi- 
tions necessary for the growth of H. 
capsulatum under artificial conditions. 
Particularly striking were the humidity 
requirements of the organism. Growth 
occurred only at 100% relative humdity. 

Besides humidity, temperature lim- 
ited the growth of H. capsulatum. No 
growth was observed at 5 or 10 C nor 
at 40 or 50 C, whereas satisfactory 
growth occurred between 20 and 30 C. 

It should be noted that the experi- 
ments conducted were done at constant 
temperatures and constant relative 
humidities in closed chambers, It is 
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difficult to make direct application of 
these experiments to conditions as they 
exist in nature. However, our knowledge 
of the humidity and temperature re- 
quirements of these microorganisms is 
so fragmentary that these experiments 
seem worth reporting. 


SUMMARY 


Several experiments were performed 
involving different temperature and 
humidity conditions for the growth of 
fungi on elm bark and soil. Most of the 
experiments were performed with Histo- 
plasma capsulatum, although Blasto- 
myces dermatitidis and Sporotrichum 
schenckit were utilized in similar experi- 
ments. 

H. capsulatum did not grow in any of 
the experiments at less than 100% rela- 
tive humidity. This finding was true for 
both methods of lowering humidity and 
was true also for B. dermatitidis. S. 


schenckit was not nearly as critical in 
its humidity demands since growth was 
evident down through the 93% relative 
humidity but was absent from the 87%. 

H. capsulatum was dependent upon 
temperatures between 20 to 30 C for 
growth. No growth was observed at 
temperatures of 5 or 10 C nor at tem- 
peratures of 40 or 50 C. 

H. capsulatum grew better on bark 
or soil which was wet prior to inocu- 
lation. When dried soil or bark was 
used the growth did not appear for 3 
weeks, whereas it was evident at 1 
week on the wet soil or bark. 

Spores of H. capsulatum were found 
to remain viable after 6 to 8 weeks at 
5 C. At 20 to 25 C a number of positive 
subcultures were obtained from experi- 
ments at different humidities. At 40 C 
one of 6 jars was found positive by cul- 
ture, whereas at 50 C none of 6 jars 
was found viable after the observation 
period of 6 to 8 weeks. 





RELATIVE EFFICIENCY OF DIFFERENT CULTURE MEDIUMS 
IN ISOLATION OF CERTAIN MEMBERS OF 
THE SALMONELLA GROUP 


NORMAN B. MCCULLOUGH*'f AND ANNE F. BYRNE* 


The isolation of enteric pathogens 
from fecal material has presented many 
difficulties. That no one method or 
medium is perfectly satisfactory is 
quite apparent from the numbers that 
have been proposed and the successive 
modifications throughout the years. The 
relative efficacy of various methods 
and mediums for isolating salmonella 
species has been discussed by many 
workers. Some of the more recent 
evaluations are to be found in the follow- 
ing references: Hynes (1942), Knox et al 
(1942), Mollov et al (1943), Galton and 
Quan (1944), Neter and Clark (1944), 
Greifinger and Silberstein (1944), Fel- 
senfeld (1945), Broh-Kahn (1946), and 
Galton and Hardy (1948). Workers have 
used different selections of mediums 
satisfactory to them and often modi- 
fied existing mediums so that none of 
these studies are particularly compa- 
rable. It may be concluded from the 
vast amount of experience in this field 
that certain enrichment mediums are 
superior to direct culture for isolation 
of the salmonellas and that of the vari- 
ous selective and differential mediums 
in use, no one medium will allow satis- 
factory isolation of all species or strains. 
In general, the greater the number of 
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methods and mediums employed, the 
greater the success in isolation. 

During the course of an investigation 
of the pathogenicity of certain sal- 
monellas for man (McCullough and 
Eisele, 1951), an array of culture me- 
diums was used. Nearly 500 indi- 
vidual feedings of salmonella organisms 
were given, resulting in 96 cases of 
clinical illness. While the study em- 
ployed only a few species and strains, 
repeated isolations were made from 
known cases and carriers, and the total 
number of isolates was considerable. 
Moreover, since known species and 
strains were fed repeatedly and stand- 
ardized techniques were employed 
throughout, many of the variables 


usually present in an evaluation study 
of culture mediums were minimized. 
These data are being presented for 
what value they may have to other 
workers doing or contemplating similar 
studies. It cannot be assumed that the 
results necessarily reflect those which 


might be obtained with the 
gamut of salmonella species. 


entire 


MATERIALS AND METHODS 


Three strains each of Salmonella meleagridis 
and Salmonella anatum, one strain each of 
Salmonella newport, Salmonella derby, and Sal- 
monella bareilly, and four strains of Salmonella 
pullorum were employed in the study. All of the 
cultures had been isolated from market samples 
of spray-diied whole egg by the Bureau of Agri- 
cultural and Industrial Chemistry, United States 
Department of Agriculture, with the exception of 
one strain of S. pullorum obtained from a case of 
human illness (Gernez-Rieux et al, 1949). The 
various strains were fed in graded doses to 
healthy human volunteers. Prior to feeding, the 
stools of each subject were repeatedly examined 
to determine the absence of salmonella species. 
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After feeding, stool specimens were obtained 
three times a week for the first two weeks and 
once a week thereafter until the subjects ceased 
shedding organisms. At least three consecutive 
weekly negative cultures were obtained on each 
subject. In the first part of the work the men were 
followed for a much longer period until it became 
apparent that three consecutive weekly speci- 
mens were usually sufficient to establish nega- 
tivity. For the purpose of this report, all fecal 
specimens obtained from subjects after feeding 
through the period including the last positive 
specimen obtained by any method were regarded 
as presumptive positive specimens. 

Fecal specimens were obtained by inserting the 
gloved finger well within the rectum and having 
the subject bear down. Usually a gross fecal 
specimen was obtained. We have found this 
method to be far superior to the usual rectal 
swab method in obtaining fecal material. 

The following culture methods were employed. 
Fecal specimens were streaked directly on the 
surface of SS (Salmonella-Shigella) medium 
(Difco) and BS (bismuth sulphite agar) medium 
(Difco) and at the same time were inoculated into 
enrichment broths, TBG (tetrathionate 
broth (Difco) containing brilliant green 1: 100,000 
and SF (Selenite F) medium (BBL). These broths 
were incubated at 37 C for 18 hours. Each broth 
was then subcultured by streaking on the surface 
of SS agar medium, BS agar medium, EMB agar 
medium (Difco), and MAC (MacConkey) agar 
medium (Difco). In the earlier part of the work, 
DCLS (desoxycholate citrate lactose sucrose) 
agar medium (BBL) was also employed. Witn the 
exception of the bismuth sulphite plates, all 
plates were incubated for 24 hours at 37 C and 
examined. The bismuth sulphite plates were held 


two 


TABLE 1. 


Number 
positive 
specimens 
by culture 


Total 
number 
specimens 


Percent 


Organism 
positive 


S. meleagridis, strain I 298 
S. meleagridis, strain II 232 
S. meleagridis, strain III 85 
S. anatum, strain | 131 
S. anatum, strain IT 188 
S. anatum, strain III 112 
S. newport 80 
S. derby 56 
S. bareilly 
Total 


nmununoene | 


34 
1216 


for at least 48 hours. Colonies suspected of being 
salmonella were subjected to spot agglutination, 
the usual biochemical tests, and finally were 
typed according to the Kauffmann-White 
schema. With plates presenting suspicious colo- 
nies, three or four colonies were selected for tests 
and the plates preserved until the status of these 
cultures had been determined. If none of them 
proved to be salmonella, opportunity was still 
present to re-examine the plates. 


RESULTS 

Table 1 presents the comparative 
results of the direct culture and enrich- 
ment culture methods for all species 
other than S. pullorum. An inspection 
of the table reveals, as one might expect, 
some variation in results from strain to 
strain. Of the 1216 specimens presumed 
to contain salmonellas, 1,028, or 84.5%, 
were proved positive by culture. Direct 
culture on SS agar medium yielded 
slightly better recovery than on bismuth 
sulphite agar medium. Following each 
enrichment broth, total recovery of 
positive cultures was from 3 to 4 times 
that obtained with either direct culture 
method. There were 17 instances in 
which specimens were positive on one 
or both direct culture plates while the 
enrichment broths were negative. 

Table 2 presents a comparative tabu- 
lation of the results obtained with the 2 


Percent recovery of certain salmonella strains from presumed positive fecal specimens 
by direct culture and by enrichment broths. 


Enrichment 
broths 


Total percent 
recovery 


Direct culture* 
Direct Enrich- 


sulture ment 
a hee 


TBG SF 


85.5 
83.6 
90.5 
82.4 
75.5 
80.3 
85.0 
80.3 
94.1 
83.1 


a! 


71.4 30. 
68. 24. 
84. 
66. 
64.: 
69. 
70. 
62.5 
82. 
69. 


wwow 


oun 


nwo 


Dom OCH OaBN | 


PONS 


* Direct culture results for S. meleagridis, strain I, were calculated on 284 specimens; for S. meleagridis, strain II] on 
229; for S. anatum, strain I, on 127; for S. anatum, strain II, on 185; for S. anatum, strain III, on 109; for S. newport on 
76; and for S. derby on 52. 

TBG—Tetrathionate broth (Difco) containing brilliant green 1: 100,000. 

SF—Selenite F broth (BBL) 

BS—Bismuth sulphite agar (Difco). 

SS—SS agar (Difco). 
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TABLE 2.—Percent of total salmonella isolations obtained with two enrichment broths sub- 
cultured on four different mediums. 


Total 
specimens 
positive 


Total percent 
Organism positive 


Percent of specimens positive 


SF subcultured to 








by culture TBG 





TBG subcultured to 


EMB MAC BS SS. EMB. MAC. 





}. meleagridis 
strain I 

S. meleagridis 
strain II 

}. meleagridis 79 
strain III 
. anatum 
strain I 

}. analum 147 
strain II 

. anatum 91 
strain III 


256 94.9 


199 84.4 
88.6 
110 94.5 

87.0 

89.0 7 78. 
69 4 81. 68. 
45 . 77. 66 


87 6S. 


3 32 = 
Total 1028 82. 78. 


TBG- 
SF—Selenite F broth (BBL). 
BS—Bismuth sulphite agar (Difco). 
SS—SS agar (Difco). 

EMB—EMB agar (Difco). 
MAC—MacConkey agar (Difco). 


enrichment broths followed by sub- 
culture to 4 different mediums. Here 
again species and strain differences are 
readily apparent. Subculture of either 
enrichment broth to SS agar medium 
gave results superior to any of the other 
mediums. The over-all superiority of 
TBG broth is evident although relative 
strain differences There was 
better recovery from this broth on each 
of the 4 mediums than that obtained 
with any medium following Selenite 
F broth, EMB agar medium gave 
results comparable to those with Mac- 
Conkey medium following either en- 
richment broth. 

These results show that employment 
of more than one medium yields a 
higher total recovery from either en- 
richment broth. It is of interest that the 
employment of EMB and MacConkey 
mediums combined in the entire study 
yielded isolations from only 32 speci- 
mens which were not otherwise proved 
positive. 

DCLS medium was used in the 
earlier part of the work for subculture 
of both enrichment broths. S. melea- 
gridis, strain I, and S. anatum, strain I, 


exist. 


5 
3 69. 
4 


-1 83. 
2 75 


88. 3 66.7 75. 8 


2 
8 61.3 67. 7 
74.6 56.9 0 
6 71.8 
5 5S. 
80. J 58.2 
57 : 51.1 


50. 
60. 


Tetrathionate broth (Difco) containing brilliant green 1: 100,000. 


were the only strains then employed, 
The medium was used on 250 pre- 
sumptively positive specimens, yielding 
from 51% recovery from Selenite F 
broth to 64% from TBG broth—results 
inferior to those with any of the other 
mediums. In no instance was an isola- 
tion made only on DCLS medium. The 
medium was then dropped from the 
study. From the results reported by 
other workers with this medium, it is 
probable that with some of the other 
strains it might 
satisfactory results. 
Four strains of S. pullorum were 
employed, one of these having been 
obtained from a case of human illness. 
The results with all 4 strains 
similar. Of 32 specimens presumed as 
positive, S. pullorum was isolated from 
29. Twenty-five of the specimens were 
positive from Selenite F broth, while 
19 were positive from TBG. Direct 
culture on bismuth sulphite agar yielded 
7 positive, on SS agar, 9. In one instance 
direct culture on SS agar gave the only 
isolation from that specimen. EMB and 
MacConkey mediums yielded 5 and 6 
isolations from both enrichment broths; 


have yielded more 


were 
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SS agar 16 from TBG and 22 from 
Selenite F; BS agar 18 from TBG and 
20 from Selenite F. 


DISCUSSION 

The positive fecal specimens forming 
the basis of this report were derived 
from groups of men receiving graded 
dosages of the respective strains. They 
represent subjects yielding a positive 
specimen on one occasion only as well 
as those with well established carrier 
states lasting several months, and those 
actually exhibiting clinical illness of 
mild to severe degree. Such an array 
of specimens furnishes a 
truer average sampling of the diverse 
conditions affecting successful isolation 
of salmonellas than 


probably 


a series derived 
entirely from cases or established car- 
riers. 

The relatively high percent of positive 
isolations in this study is of interest. 
Subject to the limitations of the medi- 
ums and technique employed in estab- 
lishing persistent negativity of a sub- 
ject’s stools, it reflects the degree of 
constancy with which salmonellas may 
be found in the stools during the shed- 
ding state and the relatively abrupt 
termination of this state as compared to 
the typhoid carrier. 

The results confirm the findings of 
some other workers in regard to the 
of the mediums 


usefulness of some 


employed in detecting the species repre- 
sented here, in particular the results 


of Mushin (1948). She found that 
tetrathionate broth subcultured to SS 
agar gave superior results in isolation of 
S. derby from the stool in some 87 
instances. 

The isolation of S. pullorum from 
fecal specimens presents greater diffi- 
culty than the other species mentioned. 
Bushnell and Porter (1945) decided 
that there was no suitable medium for 
this purpose, but of those available, 


desoxycholate citrate agar, bismuth 
sulphite agar, and SS agar were most 
useful and tetrathionate broth as an 
enrichment medium was of value. In 
the small number of isolations reported 
here, the use of SS and bismuth sulphite 
agar mediums following one of the 
enrichment broths gave the best results, 
but it is considered that these results 
are far from those which might be 
desired. 
SUMMARY 


Data showing the relative efficiency 
of a variety of medium in detecting 
certain strains of Salmonella in pre- 
sumptively positive fecal specimens is 
presented. The species of Salmonella 
employed were: S. meleagridis, S. 
anatum, S. newport, S. bareilly, S. 
derby, and S. pullorum. The mediums 
used for direct culture were SS agar 
and bismuth sulphite agar and for 
enrichment, Selenite F and tetrathio- 
nate containing’ brilliant green 
1:100,000. Each enrichment medium 
was subcultured to bismuth sulphite 
agar, SS agar, EMB agar, and Mac- 
Conkey agar. Both enrichment mediums 
yielded results greatly superior to those 
obtained on direct culture. The modi- 
fied tetrathionate broth was superior 
to Selenite F. SS agar yielded superior 
results as a medium for subculture of 
either enrichment broth. The enrich- 
ment mediums subcultured to SS agar 
and bismuth sulphite agar yielded the 
most recoveries of S. pullorum. 
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have increased the 
interest in the treatment of clostridial 
infections. During World War II a 
amount of information 
was accumulated on the efficacy of 
sulfonamides (McKee et al, 1943; Hac 
and Hubert, 1944; Hac, 1944a; Langley 
and Winkelstein, 1945; Ryan et al, 
1946) and of penicillin (McKee et al, 
1943; Hac, 1944b; Macfarlane, 1945) in 
the treatment of experimental and clini- 
cal gas gangrene. 


Recent events 


considerable 


With the advent of the newer anti- 
biotics (Duggar, 1948; Ehrlich et al, 
1947; Hobby et al, 1950) it was felt 
desirable to compare them with peni- 
cillin, which had shown encouraging 
results in earlier work. 

A number of have 
evaluated the effectiveness of aureomy- 
cin against experimental Clostridium 
perfringens infections (Altemeier et al, 
1950; Sandusky 1950), but only one 
paper dealing with the experimental 


investigators 


evaluation of aureomycin, terramycin 
and penicillin against Clostridium septi- 


cum and 


Clostridium tetani infections 
has come to our attention (Bliss et al, 
1950). 


IN VITRO TESTS 
Methods 


The tube dilution method of Dornbush and 
Pelcak (1948) was employed, using thioglycollate 
broth (N.I.H. formula) as the diluent and for the 
test culture. All cultures were grown 24 hours in 
thioglycollate broth and diluted 1:100 in the 
same medium. Five-tenths ml of a serial dilution 
of the antibiotic was placed in 10X75 mm Pyrex 
tubes and 1.5 ml of the diluted culture were 
added. The test was read after 18 hours of incuba- 
tion at 37 C. The result was recorded as the low- 
est concentration in micrograms per ml required 
to inhibit development of visible turbidity. 
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The Clostridium cultures tested were telani 
Tulloch A, histolyticum H7C, perfringens BP6K, 
septicum VSB, feseri 169-10, novyi N-21B, botu- 
linum A Hall, botulinum B Okara, bifermentans 
S-4 and hemolyticum ACC-29867. All except Cl. 
hemolyticum grew well in thioglycollate broth; 
this culture grew so poorly that a dilution of 1:10 
was employed as inoculum in the tests. 

The antibiotics employed were the potassium 
salt of penicillin G, aureomycin buffered with 
sodium glycinate to an approximate pH of 8.3, 
terramycin and chloramphenicol. All the chemi- 
cals were diluted just prior to use. Streptomycin 
was not included because Altemeier et al (1947) 
had shown in vivo and Robinson et al (1944) had 
shown in vitro that it was ineffective against the 
clostridia. The work of Bliss et al (1950) sub- 
stantiated these findings. 


Results 

The results of these experiments are 
summarized in table 1. Aureomycin, 
penicillin G and terramycin activity 
was, in general, of the same order of 
magnitude. In most cases less than 0.2 
ug per ml of these antibiotics inhibited 
growth; only Cl. bifermentans and Cl. 
botulinum B required more than 0.63 ug 
for bacteriostasis. Chloramphenicol was 
much less effective than the other three. 

With this background of experience 
on the effectiveness of the antibiotics 
against the clostridia we felt that it 
would be desirable to evaluate them in 
vivo. Experience during World War I] 
indicated that in clostridial myositis 
thorough surgical debridement was of 
utmost importance no matter which 
method of chemo- or serotherapy was 
used (Dowdy et al, 1944; Ulio and 
Marshall, 1945). For preliminary work 
at believed that muscle 
trauma should be reduced to a minimum 
and that dirt or other foreign material 
should be excluded except in a few 
instances where calcium chloride solu- 


least, we 
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TABLE 1.—In vitro sensitivity of clostridia. 





ug/ml 


Ratio for bacteriostasis 





Aureo- 
mycin 


Peni- 
cillin 


Terra- 
mycin 


Chlor- 
amphenicol 


Chlor- 
amphenicol 


Peni- 
cillin 


Terra- 
mycin 


Aureo- 
mycin 





bifermentans 
. botulinum B 
l. telani 
“1. histolyticum 
l. botulinum A 
. feseri 
‘l. perfringens, type A 
Cl. septicum 
‘l. hemolyticum 
x . perfringens, type D 
- novyt 


2.5 
1.25 
0.16 
0.04 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.005 


>40. 
20. 
0. 
0.3 
0. 
0. 
0. 
0. 
0.63 
0. 
0. 


tion was used as a menstruum for spore 
suspensions when broth cultures were 
found to be unsatisfactory as infecting 
inoculums. 


CHEMOTHERAPEUTIC TESTS 


Methods 

Cl. septicum VSB, Cl. perfringens BP6K, Cl. 
histolyticum H7C, Cl. novyi N-21B, Cl. bifermen- 
tans S-4, Cl. tetani Tulloch A and Cl. feseri 169-10 
were used for the in vivo evaluation of the anti- 
biotics. All cultures except Cl. feseri were tested 
in Rockland strain albino mice weighing approxi- 
mately 20 g. Infection was made by injection into 
the thigh muscle of 0.1 ml of whole culture, 
washed whole culture resuspended in 2.5% cal- 
cium chloride, or a suspension of spores in 2.5% 
calcium chloride except for Cl. tetani, in which in- 
fection was subcutaneous at the base of the tail. 
The particular type of inoculum is specified in 
table 2, which summarizes the results of the in 
vivo tests. Cultures were grown in thioglycollate 
broth because little or no toxin was produced in 
this medium. Cultures used for infection were 
tested to be sure that soluble toxin was absent. 
Cl. feseri was tested in guinea pigs because it was 
not lethal to mice. Two-tenths ml of a suspension 
of spores in 2.5% calcium chloride was injected 
intramuscularly as an infecting dose. Therapy 
was begun one hour after infection. In most in- 
stances the drugs were administered intraperi- 
toneally since pilot experiments with Cl. tetani, 
Cl. septicum, Cl. perfringens, Cl. histolyticum and 
Cl. novyi indicated that subcutaneous administra- 
tion was much less effective. 


Results 
Cl. septicum proved very sensitive 
to aureomycin, terramycin and _ peni- 
cillin. When 
ministered subcutaneously at the rate 
of 2 mg/kg of body weight in one daily 


the antibiotics were ad- 


2 4 


8 
125 
1000 


125 
125 
500 


250 
500 
600 
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dose for two days, aureomycin and 
penicillin protected 100% and terramy- 
cin 75% of the mice. Two 1 mg/kg 
doses of aureomycin given intraperi- 
toneally on successive days gave 100% 
protection. 

One 2 mg/kg administered 
daily for 5 days by the intraperitoneal 
route provided 100% survival of Cl. 
perfringens-infected mice whether aureo- 
mycin, terramycin or penicillin was the 
antibiotic used. However, the penicillin- 
treated mice all showed large, crippling, 
palpable masses at the site of inocula- 
tion for about 10 days after infection. 
Gross evidence of residual lesions upon 
autopsy was noted only in the penicillin- 
treated group. 

Aureomycin somewhat more 
effective in combatting infections with 
Cl. histolyticum than was terramycin, 
and both were much more effective than 
penicillin. Two and five-tenths mg of 
aureomycin per kg protected 95% and 
1 mg/kg protected 60% of the mice, 
while 5 mg of terramycin per kg 
protected 70% and 2.5 mg/kg protected 
65%. Ten mg of penicillin per kg pro- 
tected only 20% of the mice. 

Cl. novyi, on the other hand, re- 
sponded more readily to terramycin 
than to penicillin or aureomycin. Ten 
mg of aureomycin per kg gaveonly 30% 
protection, and the same amount of 
penicillin gave about 70% protection. 

Aureomycin and terramycin were 
much superior to penicillin for treat- 


dose 


was 
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TABLE 2.—In vivo activity of antibiotics against clostridia. 





Route of Number Percent Avg. hrs. 
treatment of doses of tests Total survival survival 


q Survivors 
Antibiotic mg/kg Number 





Cl. septicum 
Aureomycin 
Aureomycin 
Terramycin 
Terramycin 
Penicillin 
Penicillin 
Aureomycin 
Aureomycin 
Aureomycin 
Aureomycin 
Controls 0/ 
Infecting dose: 0.01 ml spores in calcium chloride or culture i.m. =0.96 X10* cells in culture. 
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Cl. perfringens 
Aureomycin 
Aureomycin 
Terramycin 
Terramycin 
Penicillin 
Penicillin 
Controls 
Infecting dose: 0.1 ml thioglycollate broth culture i.m. =54.5 X10* cells. 
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Cl. histolyticum 
Aureomycin 
Aureomycin 
Aureomycin 
Aureomycin 
Terramycin 
Terramycin 
Terramycin 2.5 
Penicillin 10 
Penicillin 5 
Penicillin 2.8 
Controls 
Infecting dose; 0.02 ml thioglycollate broth culture i.m. = 1.76 X10* cells. 
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Cl. novyi 
Aureomycin 
Aureomycin 
Aureomycin 
Terramycin 
Terramycin 
Terramycin 
Penicillin 
Penicillin 
Penicillin 
Controls 
Infecting dose: 0.005 ml spores in calcium chloride i.m. 
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Cl. bifermentans 
Aureomycin 20 i.p. 1 
Aureomycin 10 i.p. daily for 3 days 1 
Terramycin 20 i.p. daily for 3 days 1 
Terramycin 10 Pp. daily for 3 days 1 
Penicillin 20 i.p. daily for 3 days i 
Penicillin 10 i.p. daily for 3 days 1 
Controls 1 
Infecting dose: 0.01 ml thioglycollate broth culture i.m. =4.75 X10 cells. 





Cl. tetani 
Aureomycin 20 i.p. 5 
Aureomycin 10 i.p. 5 
Controls 
Infecting dose: 0.001 ml spores in calcium chloride s.c. 





Cl. feseri 
Aureomycin oral 
Aureomycin oral 
Aureomycin A oral 
Aureomycin 8.c. 
Controls 
Infecting dose: 0.0002 ml spores in calcium chloride i.m. 
i.m. intramuscular 
i.p. =intraperitoneal. 
s.c. =subcutaneous. 
* Large crippling, palpable lesions persisting for 4 days. Other groups’ negative. 
t Large, crippling, palpable lesions persisting for 10 days. 





CHEMOTHERAPY OF CLOSTRIDIAL INFECTIONS 


Mg drug/kg body weight required for 
90—- 


— 100% protection 
Species 


TABLE 3.—Summary of in vivo sensitivity of clostridia. 


Dosage 





Aureomycin Terramycin 


Penicillin 


Number of 
doses per day 


Number of 





Cl. tetani 
Cl. bifermenians 
Cl. novyi 
Cl. feseri 
Cl. feseri 


20 
10 10 
>10 s 
5 


Cl. histolyticum 
Cl. perfringens 
Cl. seplicum 2 


10 
2 





>20 
>10 


>10 
2 


2 


— eee 





i.p. =intraperitoneal. 
8.c. =subcutaneous. 


ment of Cl. bifermentans infection. 
Two daily doses of 10 mg/kg continued 
for three days protected 100% of the 
mice when the first two antibiotics were 
used, but 20 mg of penicillin per kg 
protected only 33%. 

Five doses of 20 mg of aureomycin 
per kg, one dose daily, were necessary 
to protect 100% of the mice against 
Cl. tetani. The other antibiotics were not 
tested. 

Guinea pigs of the Hartley strain, 
weighing 225 to 250 g, were infected 
with Cl. feseri and treated orally with 
daily doses of aureomycin for 5 days. 
Five mg per kg protected all the ani- 
mals, 2.5 mg/kg was slightly less effec- 
tive and 10 mg/kg appeared to be 
slightly toxic. Guinea pigs are unique 
in that they do not tolerate aureomycin 
well and for this reason are not good 
experimental animals for use in tests 
with this antibiotic. 

DISCUSSION 

The correlation between in vitro and 
in vivo results in this series of tests 
was fairly good although Cl. novyi 
was very sensitive in vitro but quite 
resistant to all three antibiotics in vivo. 
Cl. hemolyticum, the etiological agent 
of icterohemoglobinuria in cattle, was 
not tested in vivo. Cl. tetani and Cl. 
feseri were tested before terramycin 
was available to us, so comparative 
tests were not done with these two 
organisms. In general, the in vivo results 


suggest that any of the three anti- 
biotics should be effective against 
clostridial infections provided that ther- 
apy is initiated soon enough and that, 
in the case of the “gas gangrene” 
group, surgical debridement would be 
adequate and early. 


SUMMARY 


Ten species of clostridia proved to be 
sensitive to aureomycin, terramycin 
and penicillin in vitro in low concentra- 
tions. One hundred and twenty-five 
to 1000 times as much chloramphenicol 
was required for bacteriostasis. In 
vivo tests indicated that the first two 
antibiotics were effective in preventing 
death from experimental infections with 
any of the 7 species of clostridia 
tested. Penicillin was less satisfactory 
in infections with Clostridium bifer- 
mentans, Clostridium novyi and Clos- 
tridium histolyticum. 
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Bacteria of the genus Salmonella in- 
fect man and animals with the produc- 
tion of disorders which range from trivi- 
al to fulminating in their manifestations. 
Such infections, though frequent and 
world wide in their distribution, are 
not adequately controlled by current 
preventive measures or available chemo- 
therapeutic agents. Consequently, the 
relative importance of salmonellosis as 
a public health problem is increasing. 

In this country human salmonellosis 
is predominantly an enteric infection 
with a nonfatal outcome. In attempting 
to study the disease experimentally it 
would be highly desirable to be able to 
work with an infectious process of com- 
parable clinicopathologic course. In the 
laboratory, however, attempts to pro- 
duce experimental infections through 
deliberate exposure to cultured bacteria 
are often surprisingly unsuccessful de- 
spite the fact that an extremely wide 
range of animal hosts has been found to 
harbor these infections in nature and 
although 


spontaneously occurring 


salmonellosis frequently produces epi- 
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zootics in colonies of laboratory ani- 
mals. For various practical considera- 
tions the mouse has been chosen for 
most laboratory investigations of salmo- 
nella infections to date. The principal 
studies of pathogenesis and experimen- 
tal epidemiology, work on the genetic 
and nutritional bases for resistance, and 
the great majority of laboratory thera- 
peutic trials have all been performed 
with white mice, but they are by no 
means ideal for some experimental 
purposes. Inoculation and treatment by 
gavage, though feasible, are tedious 
because of the small esophagus and 
stomach. The difficulty of regularly 
obtaining blood and feces for culture 
from such a small animal renders bac- 
teriologic follow-up uncertain. It is not 
an easy matter to mark a large number 
of mice so that individual identification 
is possible. More important, their sus- 
ceptibility to different types and strains 
of salmonella varies markedly. With a 
few types, notably those which are 
natural pathogens in rodents, the intro- 
duction of a few bacilli will often pro- 
duce in mice an acute disease with fatal 
outcome. With many other types, rela- 
tively large numbers of viable organ- 
isms when introduced in saline or broth 
suspensions by any of several routes are 
well tolerated unless the dose is so high 
as to induce death from toxemia. For 
such reasons in most laboratories at- 
tempting to evaluate the effects of 
vaccination or chemotherapy in experi- 
mental salmonella infections, it has be- 
come customary to adjust conditions so 
that a rapidly fatal outcome may be 
expected among inoculated but other- 
wise untreated mice in the control 
groups, thus permitting a quick reading 
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of tests in terms of numbers of survivors 
without further bacteriologic check. In 
order to accomplish this, intraperi- 
toneal inoculation, usually with large 
doses of viable cells or with mucin as an 
adjuvant, is ordinarily employed. Death 
which results in a day or two from over- 
whelming infection, with septicemia and 
possibly toxemia, is not always desir- 
able, however. It precludes, for exam- 
ple, a genuine treatment experiment in 
which evidence of established infection 
is obtained before therapy is begun. 

In searching for a better experimental 
animal our attention was directed to 
domestic fowl, particularly chickens. 
Chickens are natural hosts to salmonel- 
la—not only to Salmonella pullorum 
and Salmonella gallinarum, but to most 
of the salmonella types commonly found 
in man. As laboratory animals they have 
the possible disadvantages of requiring 
special feed and equipment for their 
maintenance, of growing large and resist- 
ant to infection unless they are used 
when very young, and of being birds 
rather than mammals and thus possi- 
bly not as comparable to human beings 
as other experimental animals. How- 
ever, newly hatched chicks cost less on 
the average than weanling mice and 
are available almost everywhere. Inocu- 
lation by any of several commonly used 
routes, excepting possibly the intrave- 
nous route, isrelatively simple,and speci- 
mens of feces for culture are readily 
obtained by introducing a swab into 
the cloaca. Heart punctures are easily 
performed and well tolerated. Serially 
numbered wing bands make perma- 
nent identification of individual birds 
convenient. Numerous groups of veteri- 
nary workers have used young or adult 
chickens, as well as turkeys and ducks, 
in the study of avian salmonellosis. The 
oral route of inoculation has been fre- 
quently employed, since this is consid- 
ered to be a principal natural portal 


of entry. Evidence of infection has been 
derived in some instances from bac- 
teriologic examination of the intestinal 
discharges taken during life and in other 
experiments from cultures of tissues at 
autopsy or on the basis of fatality. 
In nearly all investigations to date the 
inoculum of organisms has been con- 
siderably in excess of 10° viables, and 
it has been administered in single doses 
or repeated over several days. 

In a few preliminary experiments we 
obtained evidence that very young 
chicks could be regularly infected with 
even small numbers of salmonella com- 
monly pathogenic for man when the 
organisms were administered to the 
birds via the oral route, with the pro- 
duction of disease which like its human 
counterpart varied from inapparent to 
severe but was easily detectable by 
bacteriologic means over a period of 
weeks. Subsequent extensive use of 
chicks in this laboratory over a two-year 
period has adequately shown their util- 
ity for the investigation of many phases 
of salmonellosis. Because the experi- 
mental use of young chickens introduces 
problems not ordinarily encountered in 
laboratories for medical research and 
because techniques developed in this 
laboratory differ in important respects 
from those reported from other institu- 
tions where chicks have been employed, 
a rather full description of materials 
and methods is given here together with 
experimental data to describe: (1) the 
infectivity of various strains of salmo- 
nella for chicks of differing ages and 
breeds; (2) the nature of the infection 
produced, including duration, fatality, 
and bacteriologic findings associated 
with the disease. 


MATERIALS AND METHODS 


Chicks and their care-—Newly hatched chicks 
obtained from an intelligently managed local 
hatchery were transferred directly from the 
hatching trays to new shipping cartons and de- 
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livered to the laboratory where they were held in 
a warm room until used. Except as otherwise 
noted, all chicks were of the New Hampshire Red 
(NHR) breed hatched from eggs supplied by a 
single producer (CL). This strain was selected 
because of the size and vigor of the chicks and 
their year-round availability. 

One minor difficulty encountered in our use of 
hatchery chicks was the occasional finding of ani- 
mals harboring salmonella. Although the eggs 
were from a producer who had reported no 
“pullorum reactors”’ for several years, S. pullorum 
was isolated from these chicks on several oc- 
casions. Because of the anticipated possibility of 
confusion in the experimental results, use of this 
bacterial species was deliberately avoided in our 
experimental inoculations. Also, in two instances 
there were recovered salmonella of another type 
which had not been employed experimentally. It 
was impossible to trace the sources of contami- 
nation but it is surmised that the chicks were in- 
fected at the hatchery where, of necessity, eggs 
from more than one flock were often set in the 
same large forced-draft incubator. This type of 
spread has been previously demonstrated (Buxton 
and Gordon, 1947). There were very few experi- 
ments invalidated by such unwanted infections, 
partly because the bacteriologic methods em- 
ployed insured their prompt discovery and partly 
because, under the environmental conditions af- 
forded, the pullorum infections showed little 
tendency to spread among the animals of the 
experimental groups. Furthermore, it was found 
that experimental infections could be readily 
superimposed on the naturally occurring ones 
(which, in our experience, were seldom fatal), 
with results which could be usefully interpreted 
for some purposes. 

Work with experimentally infected chicks in 
limited space in our institutional animal house 
demanded the use of special equipment and rigor- 
ous sanitary techniques in order to maintain 
satisfactory isolation among groups of chicks and 
to prevent the spread of infection to other varie- 
ties of animals in the same building. The methods 
employed here have been highly successful in 
these respects. Multiple-tier commercial brooders 
could not be used because contaminated material 
passed readily froma top to bottom in the models 
tested. To circumvent this difficulty single, 
electrically-operated, commercial brooder units of 
the contact heat type (capacity: 50 to 60 chicks 
up to 3 weeks of age) were mounted in the centers 
of large metal pans which extended beyond the 
extreme dimensions of the brooders by several 
inches on all sides and were then placed one over 
the other on a frame of galvanized iron pipe which 
was suspended from the ceiling. Six units of this 


type were employed. For some experiments, 
however, it was desirable to use as many as 12 
small groups of chicks, and no method of subdi- 
viding the commercial units was considered to 
give adequate isolation. An experimental type of 
brooder was devised, therefore, to provide addi- 
tional isolated units in the small space available. 
White enamelware pans 10 inches wide, 16 inches 
long, and 4} inches deep, such as are used in 
restaurant steam-tables, were fitted with: (a) 
covers of 4 inch mesh hardware cloth, (b) small 
feed and water troughs with hinged wire re- 
strainers and hooks to support them at the proper 
height, and (c) a thin layer of bagasse placed on 
the bottom and covered with several thicknesses 
of newspaper. One of these pans would ade- 
quately house 8 chicks up to 15 days of age. 
Three such pans were accommodated and kept at 
approximately 90 F in the specially constructed 
brooder. This consisted of a base made in the 
form of a flat pan 24 inches wide, 43 inches long, 
and 4 inch deep, on which was mounted a peak- 
roofed “hover’’; both were constructed of gal- 
vanized steel. The hover (18 inches wide, 42 
inches long, and 15 inches high at the center) con- 
tained a 15-watt light bulb and a thermostatically 
controlled 100-watt bar heating element; it had 
a hinged flap in front which could be opened for 
convenience in inspecting the chicks. Four 
brooders of this type were also supported on a 
pipe frame suspended from the ceiling. 

All brooders used for salmonella studies were 
housed in a single room, from which personnel 
unaffiliated with the project were excluded. The 
walls, ceiling, and other exposed surfaces were 
painted with an emulsion of DDT at two to three 
month intervals to discourage possible insect 
vectors. Persons engaged in cleaning cages or 
other operations likely to contaminate the floor 
donned rubber boots which were disinfected after 
each use and never taken out of the room. The 
entire floor was mopped with a cresol disinfectant 
before and after each manipulation of cages or 
birds. 

An average population of nearly 100 infected 
chicks produced a large volume of infectious 
waste matter which had to be collected and re- 
moved from the room frequently. A 30-gallon 
covered garbage can was kept in the room to re- 
ceive all contaminated wastes such as droppings, 
dead chicks and unused feed; it was also used as a 
lethal chamber for sacrificing chicks with chloro- 
form at the termination of each experiment. 
When the large brooders were to be cleaned, the 
trays containing animal droppings were removed 
one at a time and immediately replaced by other 
trays already cleaned and relined with paper. 
Each soiled tray was put down over a large water- 
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tight pan of heavy galvanized sheet metal which 
also contained the waste can. Then the tray was 
cleaned by carefully folding up the newspaper 
lining and depositing it in the can with the aid of 
metal scraping tools kept in a bucket of disinfect- 
ant between operations. When the can was 
nearly full a quantity of disinfectant was poured 
over the contents, the cover was replaced, and 
the entire outer surface of the receptacle mopped 
with disinfectant. It was then carried to a steam 
cabinet with cover removed, it was 
subjected to steam under low pressure for two to 
three hours. From the steamer it was taken di- 


where, 


rectly to the incinerator, emptied, and returned 
to the project room. Cleaning the small cages im- 
provised from steam-table pans offered no diffi- 
culty. The chicks were transferred to clean pans 
and the soiled pans carried on a tray to an auto- 
clave for sterilization. 

In addition to preventing spread of infection to 
quarters outside the project room, it was essential 
to the success of the investigation that infections 
should not be transmitted from cage to cage 
within the room. The construction and placing of 
brooder equipment had been designed to prevent 
such spread by any activities of the chicks them- 
selves or by manipulation of the clean-out trays. 
During such operations as treating, culturing, or 
examining chicks in successive cages, control was 
exercised chiefly by a thorough washing of the 
operator’s hands with germicidal soap before 
moving from one cage to another. A system of 
terminal disinfection of cages was effective in pre- 
venting new groups of chicks from acquiring in- 
fections harbored by previous occupants of the 
brooders. The small cages were sterilized in the 
autoclave as usual; their hovers were sponged 
with chemical disinfectants. The commercial 
type brooders were dismantled; clean-out trays, 
wire mesh floors, food troughs, and side grilles 
were all taken to the steam cabinet. The few re- 
maining parts which chicks could touch were 
sponged with disinfectant. To assist in the clean- 
ing and disinfection of water troughs, which were 
difficult to handle when partially filled with con- 
taminated water, a tank of adequate size, con- 
taining disinfectant and mounted on heavy 
swivel casters, was employed. Upon removal from 
brooders, water troughs were immersed in the dis- 
infectant solution for at least 30 minutes before 
being rinsed and returned. 

The feed used throughout was a commercial 
ration known as Chick Startena, Checkerettes, a 
product of the Ralston-Purina Mills. Feed and 
water were kept before the birds at all times and 
their quarters were always lighted, so that feeding 
was ad libitum day or night. 


Cultures and bacteriologic techniques —The 


strains of salmonella employed included fresh 
isolates from human and avian sources as well as 
a group of strains isolated originally from spray- 
dried egg powder (Solowey et al, 1947) and main- 
tained in the lyophilized state for approximately 
5 years.* The culture used most extensively was 
one of the latter group, hereafter designated 
Salmonella typhimurium 5609, which after two 
enteric passages through chicks was recovered 
from fecal cultures and then lyophilized in numer- 
ous vials in order that each experiment could be 
begun in standardized fashion with a vial of 
culture from the same drying. 

On the day before administration to chicks a 
vial of dried culture was reconstituted with sterile 
distilled water. One capillary drop of the resus- 
pended material was placed on an infusion agar 
plate to be streaked out as a check on purity of 
the culture; the remainder was discharged into 
10 ml of warm beef heart infusion broth (Difco). 
After an incubation period of 18 to 24 hours at 
37 C, serial decimal dilutions were prepared in 
cold sterile broth. Aliquots of appropriate dilu- 
tions were employed for infecting chicks and pre- 
paring plates for counting. Ordinarily both 
operattons were completed within 30 minutes 
after the preparation of dilutions. On the basis of 
early experiments in which plate counting tech- 
niques were compared, as well as recommenda- 
tions from the literature (Snyder, 1947; Crone, 
1948), the method finally adopted was to calcu- 
late average counts from the results of cultures 
on 3 replicate plates each spread with 0.1 ml of a 
dilution yielding 30 to 300 colonies. When group- 
ing data from several experiments, the practice 
followed here has usually been to round the num- 
bers obtained from plate counts to whole powers 
of 10, although the plate counts themselves were 
recorded in two significant figures. It has been 
possible to do this without a large error because 
of the fortunate circumstances that viable counts 
of all overnight broth cultures of salmonella pre- 
pared by our standard method closely approxi- 
mated 10° viables per ml. In the case of strains 
other than S. typhimurium 5609 any given figure 
for viable counts may be taken to represent a 
range no greater than that bounded by one-half 
the number and double the number stated. 

Deliberate exposure of chicks to salmonella in- 
fection was accomplished by oral or intraperi- 
toneal administration of cultured bacteria or by 
placing normal chicks in contact with infected 
birds. The method of oral inoculation adopted 


* Kindly supplied by Dr. M. Solowey, Micro- 
biology Research Div., Bureau of Agricultural 
and Industrial Chemistry, U. S. Dept. of Agri- 
culture. 
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facilitated accuracy of measurement and avoided 
contamination of the operator’s hands. A hypo- 
dermic needle and graduated tuberculin syringe 
were used to dispense 0.1 ml of culture dilution 
into the smaller end of a no. 5 gelatin capsule, 
which was then closed by application of the 
larger end of the capsule. The no. 5 capsules hold 
0.1 ml of fluid but are dissolved rapidly, necessi- 
tating their individual filling and prompt ad- 
ministration. A brass tube, milled to hold snugly 
the large end of a capsule, was fitted with a solid 
brass plunger with which the capsule could be 
ejected.* It was a simple matter to place a loaded 
capsule in the tube, thrust it well down the throat 
of a chick, and discharge it by depressing the 
plunger. 

Specimens of feces for the purpose of recovering 
salmonella from living chicks were obtained by 
inserting a small sterile cotton swab into the 
cloaca to a depth of not quite 2 cm and then with- 
drawing the swab. Blood for culture and other 
purposes was readily obtained by a heart punc- 
ture technique similar to that reported by Hof- 
stad (1950). At least 1 ml of blood may usually be 
removed from a 4-day-old chick in this manner 
without causing death. Post-mortem specimens 
of intestinal contents and heart's blood were ob- 
tained for culture from all birds dying during 
experiments. All specimens were dated and 
labeled with the wingband numbers of the corre- 
sponding chicks; the results of cultures were 
recorded individually. Fecal samples were en- 
riched overnight in freshly prepared tetrathionate 
broth (Difco), with brilliant green added to a con- 
centration of 0.001%. Primary plating was to 
Difco brilliant green agar and/or SS agar. Exten- 
sive comparison of these two mediums in this 
laboratory (to be reported elsewhere) showed 
them to be equivalent for this type of work in re- 
spect to the number of positive cultures obtained. 
Suspected colonies on plates were fished to slants 
of Difco triple sugar iron agar (TSIA), and identi- 
fications were continued by standard methods, 
including examination of motility, biochemical 
behavior, and antigenic structure. For the latter 
purpose, slide agglutination tests were performed 
with bacterial suspensions usually derived from 
TSIA slants. The antigens were mixed with ap- 
propriate dilutions of serum containing anti- 
bodies to the anticipated 0 group, as well as 
serums directed against one or two heterologous 
0 groups which served as control. Complete sero- 
logic typing was rarely considered necessary to 
establish the identity between an inoculated and 

* This instrument was devised and fabricated 
by Dr. Foster Martin of the Dept. of Pharma- 
cology, Tulane University, School of Medicine. 


a recovered organism. At least two colonies were 
fished from each plate at first examination, and if 
these did not yield the expected salmonella, the 
plates were refished at least once before being dis- 
carded as negative. 


EXPERIMENTAL DATA 


The studies described below were 
designed not only to furnish information 
regarding the characteristics of labora- 
tory-induced infection of chicks with 
salmonella but also to provide a basis 
for other work dealing with attempted 
chemotherapy of such infections with 
various antibiotics. It seemed desirable 
initially to examine fairly extensively 
the behavior of one salmonella strain 
and subsequently to extend the obser- 
vations to other strains as indicated. 
S. typhimurium strain 5609 was selected 
as a model because preliminary experi- 
ments showed it to be of moderate in- 
fectivity for young chicks and because it 
exhibited satisfactory in vitro suscepti- 
bility to the several antibiotics which 
it was planned to evaluate for thera- 
peutic activity in these animals. This 
salmonella type is known to be a natural 
pathogen of rodents and other mammals 
including man, as well as of birds. 
Estimation of number of bacteria in 
inoculums.—Plate counts of 37 over- 
night broth cultures of S. typhimurium 
5609 prepared by our standard method 
over a period of 14 months gave an 
average of 94X10’ viables per ml of 
culture. Although the period of incuba- 
tion varied from 18 to 24 hours, the 
extreme values were 54X10’ and 
130X107. The range of 18 to 24 hours, 
it would appear, fell within the station- 
ary phase of growth of this organism 
under the experimental conditions. This 
information made it possible to pre- 
pare suspensions of the organism of any 
given volume in which the viable count 
could be predicted with useful accuracy. 
Thus in 10 experiments where it was 
desired to administer to chicks doses 
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TABLE 1.—Combined datd on oral infectivity of S. 
typhimurium 5609 for one-day-old New 
Hampshire Red chicks (CL strain). 


Number of 
viables in 
inoculum 

10* 100 
106 100 
10 100 


104 39 97 

103 59 (465)* 95 (98.5)* 
RS 

10 59 30 51 


102 64 
1-5 55 3 5 


Number of chicks 


Examined Infected 


Percent 
infected 


38 
56 (449)* 
56 


* The figures in parentheses show total experience with a 
dose of 10* bacilli of this strain. All birds were examined by 
cloacal swab culture 1 to 3 days after inoculation, and the 
demonstration of S. typhimurium in the feces was taken as 
evidence of infection. 


on the order of 10* viables in 0.1 ml 
volumes, plate counts on aliquots of 
the test suspensions indicated that the 
actual doses fell in the range 1000 + 300 
for an average of 890. 

Titrations of the oral infectivity of S. 
typhimurium 5609.—The most exten- 
sive experience in determining the in- 
fectivity of salmonella strains has been 
obtained with the use of newly hatched 
chicks (24 to 48 hours out of the shell) 
which were inoculated prior to their 
first access to food and water. Such birds 
have been loosely referred to as ‘‘one- 
day-old” throughout these studies. The 
oral infectivity of S. typhimurium 5609 
for one-day-old New Hampshire Red 
chicks (CL strain) has been studied 
in several separate titration experi- 
ments, the results of which are combined 
in table 1. In compiling the data for 
this table the figures respresenting the 
number of birds infected were taken 
from the results of cultures on the first 
cloacal swab specimens collected. In 
the more recent experiments this was a 
specimen taken 24 hours after inocula- 
tion, but in a number of experiments the 
first specimens were obtained 2 or 3 days 
after inoculation. The average infective 
dose under the conditions described was 
in the neighborhood of 10 viables, and 
a dose of 1000 viables produced demon- 
strable infection in at least 95% of a 
large number of chicks. 


This degree of susceptibility to infec- 
tion by the oral route was not restricted 
to a single breed and strain of young 
chicks, as is shown by two experiments 
summarized in table 2. In each experi- 
ment, newly hatched chicks of each of 
several strains, representing four of the 
heavy breeds, were obtained from the 
hatchery on the same day and given 
oral inoculations of S. typhimurium 5609 
derived from the same overnight broth 
culture. The chicks of each strain were 
divided so. that some chicks received 
0.1 ml of 10~* dilution, while others re- 
ceived 0.1 ml of 10-7 dilution. In one 
experiment the larger inoculum con- 
tained 95 viables; in the second experi- 
ment, 54 viables. Cloacal swab speci- 
mens were obtained for culture either 


TABLE 2.—Oral infectivity of S. typhimurium 
5609 for one-day-old chicks of various 
breeds and strains. 





Number positive 
Number /number examined* 
of SEES 
Strain viables Days after 
in inoculation 
inoculum 
2 





Barred Plymouth L 95 
Rock 9 


95 
9 
54 
5 





New Hampshire 95 
Red 9 


54 
5 


95 
9 





Rhode Island Red - 


95 
9 





White Plymouth 54 
Rock 5 


95 7/10 
9 4/10 





75/81 
38/85 
95 44/60 
9 33/60 


119/141 (84.4%) 
71/145 (49%) 


Totals 54 
5 





Grand totals 50-100 


5- 10 





* In this and the following tables, numerator =number of 
chicks yielding positive fecal cultures for the salmonella 
games denominator = number of chicks examined cul- 
turally. 
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TABLE 3.—Oral infectivity of S. typhimurium 
5609 for New Hampshire Red (CL strain) 
chicks of various ages. 





Number positive /number 
Days after examined 
inoculation 
until 
culture 


Age of 
chicks at 
time of 
inoculation 





Number of viables in inoculum 





108 10 104 10% 10 


7/10 
10/10 





4 days 7/10 


9/10 


9/10 
9/10 


1/10 /10 
4/10 10 


0/10 10 
0/10 /10 





7 days 8/10 1/10 


8/10 1/9 
2/10 


1/10 
2/10 


0/10 
0/10 





2 weeks 1/10 


1/10 


0/10 10 
0/10 





1/10 
4/10 


0/10 
0/10 





4 weeks 2/11 





7 weeks 


2 
6 
2 
6 
2 
6 
3 weeks 2 
6 
2 
6 
2 
6 


one or two days following inoculation. 
With one possible exception (strain 
NHR-S) the results were about what 
might be expected on the assumption 
that no striking strain differences existed 
as regards susceptibility to infection by 
the oral route. 

The influence of age on susceptibility 
is demonstrated in table 3. A large group 
of (NHR-CL) chicks of a single hatch 
was set aside in a special brooder and 
drawn upon at intervals over a 7-week 
period for repeated titrations of S. 
typhimurium 5609. Ten chicks were 
given oral doses of each dilution tested, 
and cloacal swab specimens were col- 
lected at 2 and 6 days after inoculation. 
Somewhat decreased susceptibility of 
the birds was apparent even at 4 days 
of age as compared with the expected 
results (see table 1) in one-day-old 
chicks of this strain; thereafter only 
large doses produced detectable infec- 
tion, and that, irregularly. 

The oral infectivity of other types of 
salmonella for young chicks.—As far as 
has been determined the behavior of S. 
typhimurium 5609 in chicks is typical 
of many salmonella types rather than 
exceptional. The oral infectivity of 25 
additional strains, with some duplica- 


tion of types, has been titrated in one- 
day-old chicks by our standard method. 
One strain of Salmonella senftenberg 
isolated from egg powder and one 
strain of Salmonella choleraesuis var. 
kunzendorff from a human source ap- 
peared to be noninfectious to chicks. 
The results obtained with the remaining 
23 cultures are summarized in table 4, 
where it may be seen that the average 
infective dose for the majority of strains 
tested was on the order of 10 viable 
bacilli, as in the case of S. typhimurium 
5609. In this series no marked differ- 
ences in the results of the titrations 
were noted whether the first cloacal 
swab cultures were taken after an in- 
terval of 1 day (3 strains), 2 days (19 
strains) or 3 days (1 strain) following 
oral inoculation. 

Enteric infection following intrapert- 
toneal inoculation.—Although the major 
portion of this study was devoted to 
infections introduced via the oral route, 
for the sake of comparison 3 experiments 
were performed in which S. typhimuri- 
um 5609 was inoculated intra-abdomi- 
nally in one-day-old chicks of the stand- 
ard strain, using groups of 6 to 7 chicks 
for each culture dilution. Cloacal swab 
specimens were collected on the day 
after inoculation and from survivors 
at intervals thereafter. Table 5 sum- 
marizes the results of cultures taken 24 
hours after inoculation. It is clear that 
the salmonella began to be excreted in 
the feces shortly after intraperitoneal 
inoculation and that measured by the 
incidence of positive cloacal swabs the 
culture was probably more highly in- 
fective by this route than when adminis- 
tered orally. Most of these chicks died 
within a few days in contrast to the 
relatively low death rate following oral 
inoculation (vide infra). 

Bacteremia following oral inoculation 
of chicks——Cultures of heart’s blood 


taken post-mortem from inoculated 
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TABLE 4.—Oral infectivity titrations in one-day-old chicks of 23 strains of 


salmonella representing 10 types from 4 serologic groups. 


Strain of Kauffman- 


Number positive /number examined 





White 
group 


salmonella Source 


tested 


Number of viables in inoculum 








108 10? 10* 





S. paratyphi B 
6714 Egg 
S. paratyphi B 
6057 Egg 
S. paratyphi B 
944 Egg 
S. paratyphi B 
275 Human 


A-608 

S. typhimurium 
(Smith) 

S. montevideo 
4819 Egg 

S. montevideo 
B-33 


S. typhimurium : 
d 7 Egg 


Human 


Human 
S. tennessee 
5977 Egg 
S. lennessee 
5307 Egg 
S. tennessee 
5499 Egg 
S. panama 
CM 1118 Egg 
S. enteritidis Stock culture 
S. anatum 
5171 Egg 
S. anatum 
6478 Egg 
5S. anatum 
5343 Egg 
S. meleagridis 
5288 Egg 
S. meleagridis 
5389 Egg 
S. meleagridis 
M-101 
S. meleagridis 
5644 Egg 
S. meleagridis 
5485 Egg 
give 
K-93 
S. senflenberg 
3252S Egg 
Total 


Totals 
Percent infected 


Human 


S 
Human 


* 10 =5 to 20. 


birds indicated that more than a purely 
enteric infection was involved, at least 
in fatal cases. In table 6 are combined 
the data from three experiments in 
which blood for culture was obtained 
ante-mortem at intervals following oral 
inoculation with doses of varying size. 


TABLE 5.—Enteric infection with S. typhimurium 
5609 in one-day-old chicks (NHR-CL strain) 


following intraperitoneal injection. 


Number of Number of chicks 
viables in — 


- Percent 
inoculum Examined Infested 


infected 
104 12 100 
108 
102 
10 
1-5 


34/136 


6/6 
6/6 
3/6 


6/6 
6/6 


1/6 
2/6 


4/6 

3/6 

0/6 
6/6 6/6 
6/6 4/6 
6/6 4/6 0 
6/6 4/6 1 
4/6 0/6 0 
6/6 4/6 0 


6/6 6/6 6/6 


61/66 124/136 78/136 19/136 
92.4 91.2 57.3 14.0 


98.5 


These may indicate the usual course of 
events with regard to invasion of the 
blood stream. All chicks were bled from 
the heart by the same technique, but 
all results are not strictly comparable 
because of differences in the amounts 
of blood per sample and the culture 
methods employed. In experiment 3, 
for example, only 0.1 ml of blood was 
taken per bleeding and this was spread 
on the surface of an SS plate; whereas 
the bleedings of 0.1 to 0.5 ml obtained 
from birds in experiments 1 and 2 were 
cultured in broth. Nevertheless, it 
seems clear that following oral adminis- 
tration of one or more infective doses 
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TABLE 6.—The presence of S. typhimurium 5609 in blood and feces of 
chicks after oral inoculation. 


Number positive /number examined 





ot 
viables Specimen 


cultured 





Days after inoculation 





inoculum 1 2 


0/10 3/ 
10/10 10 


10 Blood 
Feces 

108 Blood 
Feces 


10* 


Blood 0/11 3 
Feces 11/11 10/10 


0/21 6/20 


Blood 
. 34/36 20/20 


Feces 


of this particular strain of salmonella a 
bacteremia develops which, although 
not detectable 24 hours after inocula- 
tion, is readily demonstrated in the 
majority of chicks by the fourth day. 
Thereafter recoveries take place so that 
by the end of the third week the blood 
of most surviving chicks no longer 
yields positive cultures. The infecting 
organisms may be found in the feces 
earlier, more regularly, and over a 
longer period than in the blood. This 
same relationship seems to hold true 
with other types of salmonella which 
have been tested. 

The duration of enteric infection fol- 
lowing oral inoculation.—The persist- 
ence of infection in chicks, as indicated 
by positive cultures of feces, has not 
been accurately determined because of 
our limited housing facilities, but some 
observations bearing on this point were 
made. Only 1 of 40 chicks infected with 
a strain of Salmonella montevideo (B-33) 
was found to be eliminating salmonella 
in the feces after 50 days, and about 
half of the birds had become negative 
by the end of the third week. The aver- 
age duration of enteric infections with 
with S. typhimurium 5609 is certainly 
greater than that of S. montevideo B-33 
but adequate sampling has not been 
made beyond the 4th week. In experi- 
ments involving the oral administration 
of approximately 1000 viables, S. typhi- 
murium 5609 was recovered from cloacal 








0/7 
6/7 
0/6 0/6 
6/6 6/6 


3 
8 


8 
8 


3/14 


0/13 1 
14/14 7 


13 
12/13 13 
swabs of over 95% of 787 birds inocu- 
lated up to 2 weeks previously, and from 
at least 85% of 121 chicks examined 
through the 4th week after inoculation. 

Evidence that early positive cloacal 
swab cultures signify infection.—Infec- 
tion is ordinarily defined as the state 
produced by the entrance into the body 
and multiplication therein, of patho- 
genic microorganisms. As a matter of 
fact, it is rarely considered necessary 
to prove multiplication before describ- 
ing a process as infectious, but since 
we were dealing with a relatively un- 
familiar type of experimental infection 
we thought it worth-while to make the 
demonstration. Eventual multiplication 
of the orally inoculated salmonella in 
chicks is shown clearly by the data in 
table 6. Birds given oral doses of 10 via- 
bles yielded repeatedly positive cul- 
tures of both blood and feces. Since the 
material cultured daily was only a small 
sample from the total blood volume and 
intestinal contents, there can be little 
doubt but that substantial multiplica- 
tion occurred. 

The real point at issue was whether 
positive cultures from cloacal swabs ob- 
tained at 24 hours after inoculation 
indicated infection or merely the re- 
covery of a portion of the inoculum 
which was still in passage through the 
alimentary tract. This could be an- 
swered in part by records of several 
groups of chicks which were inoculated 
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with small numbers of salmonella and 
cultured frequently thereafter. The 
regularity with which chicks found posi- 
tive after one day remained so for a 
period of days or weeks is incompatible 
with the idea of a surviving, but non- 
multiplying, inoculum. By contrast, 
chicks which were insusceptible by 
reason of age were never positive at 
any time. Nevertheless, experiments 
were performed to compare the num- 
bers of bacteria inoculated and ex- 
creted. To obtain an approximation of 
the numbers of salmonella in the feces, 
cloacal swab specimens were twirled 
into measured volumes of saline to 
free most of the fecal matter. Decimal 
serial dilutions in saline 


were made 


from the original suspension, and por- 


tions of each dilution were inoculated 
into tetrathionate broth, which was 
then processed as usual for the recovery 
of salmonella. By assuming that posi- 
tive cultures could result from even one 
viable salmonella cell reaching the 
tetrathionate broth and by making the 
appropriate calculations, the minimum 
probable number of these organisms in 
the fecal specimen could be approxi- 
mated (cf. Gibbons and Moore, 1946). 
From swab specimens taken 24 hours 
after oral inoculation of chicks the esti- 
mated numbers of salmonella recovered 
frequently exceeded those of the inocu- 
lums, in some instances by several 
hundredfold. It was clear that prolifera- 
tion of the organisms was well under 
way within the first day of their resi- 
dence in the avian host. 

Morbidity and fatality from experi- 
mental salmonella infections —In view 
of the severity of many of the reported 
outbreaks of paratyphoid infection in 
fowls (e.g., Edwards et al, 1948), it 
was somewhat surprising to find in this 
study that physical signs of infection 
were usually mild following experi- 
mental exposure by gavage or by con- 


tact with inoculated chicks. Despite 
bacteriologic evidence of continued 
infection and a moderate number of 
deaths, the majority of the chicks were 
alert, ate well, and appeared to be mak- 
ing normal growth. The ‘white diar- 
rhea’ associated with pullorum disease 
was notably absent; nevertheless, after 
long observation it was concluded that 
most of these chicks exhibited slight 
diarrhea. This could easily escape detec- 
tion because of the apparent good health 
of the birds and because the excreta did 
not tend to accumulate about the vent 
or cling to the ventral surface of the 
chick in most instances. However, it 
was noted that within one to three 
days after administration of an infecting 
dose there occurred in most of the inocu- 
lated chicks a period of frequent, force- 
ful emissions of a clear, watery fluid 
from the vent. Beyond this mild type of 
diarrhea, observation of the infected 
chicks revealed little except for occasion- 
al prostration and death. Temperatures 
were not taken. 

Since the majority of chicks were held 
for a relatively short time only, with 
little uniformity in the periods of obser- 
vation, and since small losses, particu- 
larly during the first week of life, are 
normal in the brooding of hatchery 
chicks, the specific fatality from experi- 
mental salmonella infection could be 
usefully described only by comparing 
a well-definined group of infected chicks 
with a similar group of uninoculated 
controls. There were available for this 
purpose records of 92 chicks from con- 
trol groups and 112 chicks which had 
been administered gavage doses of 1000 
viable S. typhimurium 5609, in each of 
which categories survivors had been 
observed at least 8 days (for mean 
observation periods of 12 and 14 days 
after inoculation, respectively). In the 
control group there were 8 deaths, a 
gross mortality of 8.7%. In the infected 
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TABLE 7.—Chronol.gic distribution of deaths 
among uninfected control chicks and chicks 
orally inoculated with 1000 S. 

Wes 8 5609.* 


Number of deaths among 
Days after Infected chicks 
inoculation —————— ———— 
Total Specifict 





Control chicks 


i) 


oes enen nm ses enteme® | 
-— eb eNO Nee 





w 
w 
N 
oe 


Number 
examined 112 112 
Fereent dying 29 25 


* Only groups of chicks in which survivors were observed 
for at least 8 days were counted. Mean observation times 
were: infected group, 14 days; control group, 12 days. 

t S. typhimurium (and no other saimonella) isolated from 
both heart's blood and intestinal contents. 

+ S. pullorum was isolated from the heart's blood of both 
these chicks. 


group there were 33 deaths (29%); S. 
typhimurium (and no other salmonella) 
was isolated from both intestinal con- 
tents and heart’s blood of 28 of the dead 
chicks. Of the other 5 which died, 1 
was inadvertently not cultured, 2 were 
negative for salmonella, 1 yielded S. 
pullorum as well as S. typhimurium. 
From 1 the expected organism was re- 
covered from the intestinal contents 
but not from the heart's blood. The 
28 fatalities with doubly positive bac- 
ceriologic findings are referred to in table 
7 as “specific’’ deaths (in contrast to 
the 33 ‘‘total’’ deaths) and from them a 
case fatality rate of 25% may be calcu- 
lated. However, it is still possible that 
some of these 28 deaths might have 
occurred in the absence of any salmonel- 
la infection. It will be noted further that 
all deaths in the control group took 
place in less than 12 days. Twenty- 
seven of the ‘“‘specific’’ deaths among 
infected chicks also occurred within 12 
days, a fatality rate of 24.1%, which it 
is believed may be fairly compared with 
the death rate in the control group 


(8.7%). The difference between the 
two rates (15.4%) is approximately 
three times the standard error of the 
difference (=5.3%, P=0.0036) and is 
regarded as the best available measure 
of specific fatality from experimental 
oral infection with S. typimurium 5609. 
Insufficient data are on hand at present 
to warrant comparison of the relative 
virulence of different strains of salmonel- 
la in the same manner that the relative 
infectivity has been examined, but it 
may be stated that for the majority of 
strains studied so far the incidence of 
specific fatalities is low during the first 
week following oral inoculation. 

Our limited data show that fatality 
rates are much higher following intra- 
peritoneal inoculation of one-day-old 
chicks with S. typhimurium 5609. Table 
8 was compiled from 2 titration experi- 
ments in which survivors were observed 
for 3 days in one case and 10 days in the 
other. Despite the short periods of ob- 
servation and small numbers of animals 
involved it is apparent that the test 
organism had a different order of viru- 
lence when injected intra-abdominally 
from that observed following gavage 
inoculation. 

The development of antibodies follow- 
ing oral inoculation.—No extended effort 


TABLE 8.—Chronologic distribution of deaths 
after intraperitoneal inoculation of one-day-old 
chicks with varying doses of 

S. typhimurium 5609. 


Number of specific deaths* 





Days after 
inoculation 


Number of viables in inoculum 





10 104 108 102 10 





4 
1 ll 





Total deaths 11 5 3 44 
Number 
inoculated 5 12 12 12 12 65 


Percent 
fatality 100 83 92 42 25 68 


* S. typhimurium was wintaeadl in each instance from 
heart's blood and intestinal contents. Two additional chicks 
died with negative bacteriologic findings. 
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has been made to secure data concerning 
this point, but a few observations made 
incidental to other work seem worthy 
of mention. In one experiment, two- 
day-old chicks were each given an oral 
dose of 8600 viable S. typhimurium 5609. 
At intervals thereafter cultures of blood 
and feces were taken. The birds were 
bled 35 days after inoculation and their 
serums were tested for antibodies. In 


the serums from 4 of the 5 birds anti- 
TABLE 9.—Cultural and antibody data on chicks 
infected orally with 8600 viable 

S. typhimurium 5609. 


Days after inoculation 


1-7 28 
Chick 
number 


Fecal Blood Fecal Blood Fecal 
cul- cul- cul- cul- 
ture ture ture ture 


Anti- 
H 


titer* 


2312 + + t 160 
2315 + 0 0 
+ 40 
+ 160 
+ + - + 320 


2316 + + 
2317 + 0 
C-1 


* Anti-H titers are expressed as reciprocal of the final 
dilution of serum giving agglutination in macroscopic tube 
tests employing formalinized broth culture as antigen. 
bodies against the H antigenic complex 
were detectable, with the anticipated 
variation in titers (table 9). Additional 
scattered the ap- 
pearance of homologous antibodies fol- 
lowing experimental infection have been 
made. 


demonstrations of 


DISCUSSION 

On examining the extensive literature 
on experimental avian salmonellosis, 
we have found surprisingly little quan- 
titative bacteriologic data of the type 
presented here. In the study of S. pul- 
lorum or S. gallinarum infections which 
has occupied many workers, despite 
the frequent practice of administering 
orally large numbers of organisms (often 
derived from a mixture of strains), 
fecal cultures were usually not recorded. 
Some investigators, however, have laid 
stress on the importance of bacteriologic 
examination of the intestinal contents in 
attempting to determine the presence of 


infection, particularly if salmonella 
types other than S. pullorum are in- 
volved (cf. Posell, 1942; Hinshaw and 
McNeil, 1943; Bushnell and Porter, 
1945; Gibbons and Moore, 1946; Gauger 
and Greaves, 1946; Chase, 1947). There 
is general agreement that for this pur- 
pose preliminary enrichment in a fluid 
medium such as tetrathionate broth 
is indispensable. For subculture, in order 
to obtain isolated colonies for further 
study, various plating mediums have 
been used with success, including the 
SS agar and brilliant green agar em- 
ployed in this study (e.g., Mallmann 
et al, 1942; Hinshaw and McNeil, 
1943; Bushnell and Porter, 1945; Gau- 
ger and Greaves, 1947). We have found, 
by trial with measured quantities of 
salmonella added to fecal suspensions, 
that numbers of organisms as few as 
even single viables can be detected by 
the enrichment plus plating method 
providing that the salmonella are not 
overgrown by other components of the 
inoculum, e.g., Proteus, which can prolif- 
erate in the tetrathionate broth. The 
procedure used in the present investiga- 
tion is therefore a very sensitive method 
for the detection of enteric salmonella 
infection. 

With the aid of techniques compar- 
able to those just discussed, several 
salmonella types have been recovered 
from the intestinal contents of orally 
inoculated young or mature turkeys 
(Hinshaw and McNeil, 1943; Pomeroy 
and Fenstermacher, 1943; Gauger and 
Greaves, 1946 and 1947) and chickens 
(Gibbons and Moore, 1946; Buxton 
and Gordon, 1947). The data obtained 
in the present study have extended the 
existing knowledge concerning the 
pathogenesis of salmonella infections in 
very young chicks and*have made it 
possible to analyze some of the basic 
features. It has been clearly demon- 
strated (for salmonella types from sever- 
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al of the Kauffman-White groups) that 
these animals are susceptible to con- 
trolled oral infection by much smaller 
numbers of organisms than heretofore 
employed, with the consequent de- 
velopment of a syndrome which in 
several important respects resembles 
natural salmonella infection of man. 
Thus although some of the birds de- 
velop a fatal form of the infection, others 
(the majority) resist the disease and 
eventually return to health. A few ap- 
parently become carriers for relatively 
long periods. The oral inoculation of 
very young chicks provides the best 
means with which we are acquainted 
for maintaining in the laboratory large 
numbers of demonstrably salmonella- 
infected animals. The ease of obtaining 
daily (or more frequent) cultural evi- 
dence of infection or lack of it renders 
such birds particularly suitable for 
studying bacteriologically the influence 
of chemotherapeutic agents on the 
course of salmonella infection. 
Although inoculation of very young 
chicks by either the oral or intraperi- 
toneal route produces bacteremia in 
the majority of animals and also leads 
to an enteric phase with elimination of 
salmonella in the feces, the infections 
produced differ in that among birds 
inoculated intraperitoneally the death 
rate is higher for any given dose and the 
time until death is shorter. Severens et 
al (1944), while studying resistance to 
pullorum disease used chicks as young as 
one day old, gave relatively large quan- 
tities of bacteria by both oral and sub- 
cutaneous routes, and determined the 
size of dose by enumeration in a count- 
ing chamber. They performed blood 
culture studies with results which are 
consistent with our findings; no fecal 
cultures are recorded. Others have 
the intra-abdominal route for 
injecting measured numbers of salmo- 
nella but have not reported the results 


used 


of cultures made, if any (e.g., Little, 
1948; Pomeroy et al, 1948; Bell, 1949). 

It is altogether probable that strain 
differences among chickens in suscepti- 
bility to salmonella other than S. pul- 
lorum do occur (cf. Lambert, 1932; 
Hutt and Scholes, 1941; Scholes and 
Hutt, 1942; Severens et al, 1944; Bell, 
1949), but the results of our experi- 
ments with random selection of stock— 
even though the numbers are not 
large—indicate that obtaining suitably 
susceptible birds should offer little diffi- 
culty to workers who wish to conduct 
similar experiments with infections in- 
duced by oral administration of small 
doses of salmonella. It is necessary, 
however, to use very young chicks be- 
cause of the demonstrated rapid acquisi- 
tion of resistance to oral infection with 
age (see also Holtman and Fisher, 1947). 
The development of natural resistance 
as the chick grows older has been a 
deterrent to certain types of immuno- 
logic study which we considered to be 
of interest. For example, it was im- 
possible to measure the resistance of 
chicks recovered from an initial enteric 
infection to subsequent challenge with 
salmonella of the same or different 
types administered orally since normal 
chicks of the same age were likewise 
resistant to the challenge doses. 

In chemotherapeutic and other exper- 
ments to be reported later, as well as in 
these infectivity studies, we have chosen 
to quantitate bacterial suspensions by 
estimating the number of viable units 
rather than by the use of microscopic 
enumeration. Since in the preparation 
of suspensions by the simple expedient 
of growing broth cultures overnight 
there were variations in the incubation 
period amounting to a substantial mul- 
tiple of the generation time with never 
more than a twofold variation from the 
mean viable count, it is hardly to be 
doubted that the proportion of viable 
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to nonviable bacteria varied consider- 
ably from experiment to experiment. 
We have no evidence that such variation 
had any effect on the infectivity or 
pathogenicity of inoculums. According 
to other investigators of counting tech- 
niques the choice of pour-plate, surface 
colony, agar strip, or roll-tube method 
of performing viable counts is not as 
important as accuracy and constancy 
of technique combined with sufficient 
replication of plates or tubes (Snyder, 
1947; Crone, 1948; Stirling et al, 1950). 
In preliminary work in this laboratory 
pour-plate and surface colony plate 
counts of a number of 
salmonella suspensions were compared. 


considerable 


The agreement was satisfactory, but 
numerically higher values were obtained 
by the surface colony method ina signif- 
icant proportion of trials. Since this 
method the 
practical advantages of greater speed 
and simplicity in performance, both in 
setting up and in counting, it was chosen 


was considered to have 


as the standard procedure. 
The validity of the data obtained in 


the infectivity titrations may be ques- 
the possibility of 
spread of infection by contact within 
the cages. Ideally, of course, the birds 


tioned because of 


should have been housed individually 
rather than by groups, but this was 
wholly impractical if the methods were 
to find any wider application. As has 
been mentioned previously, all birds of 
a group receiving the same dose of a 
particular culture were housed together 
either in a brooder or an enamelware 
pan so that opportunities for contact 
infection were present. It might there- 
fore be postulated that one particularly 
susceptible bird could become infected 
from a dose which nonin- 
fectious to its cage mates and, after 
incubation and multiplication of the 
organisms in its body, might transmit 
the infection to other chicks by shedding 


would be 


large numbers of salmonella in its feces. 
From the following observations it ap- 
pears, however, that such a sequence of 
events could not be fairly invoked to 
explain the results when nearly all the 
birds in a given group were shown to 
yield positive cloacal cultures within 
24 hours after oral administration of 
very small numbers of salmonella (see 
tables 2 and 6). 

Six one-day-old chicks were given by 
mouth approximately 40 viables of S. 
typhimurium 5609; six birds received a 
similar dose of S. montevideo B-33. Each 
inoculated bird was placed in a separate 
enamelware pan together with 5 un- 
inoculated chicks. Four of the 6 birds 
inoculated with either strain yielded the 
salmonella from cloacal cultures taken 
the next day; one additional inoculated 
chick yielded its first positive fecal 
culture only after 48 hours of infection. 
Thus a total of 9 out of 12 birds re- 
ceiving 40 viable salmonella could each 
be shown to be infected, even when 
they were not in contact with any 
other inoculated chicks. The incidence 
of infection under these conditions 
agrees well with the findings on cloacal 
cultures taken after 24 hours from birds 
given similar inoculums but housed to- 
gether in groups. Furthermore, among 
40 uninoculated birds exposed to the 8 
chicks whose infection was manifest 
within 24 hours of inoculation, only 
two could be shown to have acquired 
infection during the first day of contact. 
By 48 hours, however, a total of 24 ex- 
posed birds were shown to have de- 
veloped contact infections, and during a 
week of exposure nearly all of the 40 
birds became infected. Because of these 
and other data it has been thought un- 
wise to calculate 50% end points or to 
otherwise regard the infectivity studies 
as exactly quantitative. Nevertheless, it 
is believed that the titration method em- 
ployed does give useful information re- 
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garding the oral infectivity of sal- 


monella strains for birds. 


SUMMARY AND CONCLUSIONS 


Chicks were inoculated orally or intra- 
peritoneally with varying numbers of 
viable salmonella. Evidence of infection 
was obtained by bacteriologic exami- 
nation of specimens obtained by cloacal 
swab or cardiac puncture. 

It was found that one-day-old birds 
could be readily infected by the oral 
route with very small doses of organisms 
belonging to any of several of the Kauff- 
man-White serologic groups. For the 
purpose of analyzing certain features 
of the infectious process, additional 
experiments were performed which in- 
volved chiefly a single strain of Salmo- 
nella typhimurium. Susceptibility to in- 
fection by the oral route decreased 
rapidly with advancing age of the birds. 
Animals from any of several breeds 
could be used satisfactorily providing 
they were of the proper age. The case 
fatality rates were not high although 
the chicks frequently showed bactere- 
mia. The presence of salmonella in the 
feces was demonstrated earlier, more 
regularly, and over a longer period of 
time than in the circulating blood. The 
duration of enteric excretion appeared 
to vary depending on the infecting strain 
and the individual bird affected, with 
some infections persisting for at least 
several weeks. Following oral infection 
antibodies appeared in the serum. 

A similar type of infection could be 
induced by intraperitoneal injection of 
salmonella, although a higher fatality 
rate was observed to follow. 

The ease with which young chicks can 
be infected by the oral route with small 
numbers of organisms of many salmo- 
nella types and the regularity with 
which the organisms can be demon- 
strated in fecal cultures taken over a 
period of many days, despite the benign 


course of the disease in most animals, 
indicate that this experimental method 
should be applicable to the study of 
additional aspects of salmonellosis. 
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A SEROLOGICAL STUDY OF CERTAIN MEMBERS OF THE 
AEROBIC NONPATHOGENIC NEISSERIA GROUP 
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The American scheme of classification 

-as indicated in Bergey's Manual of 
Determinative Bacteriology (Breed et al, 
1948)—recognizes 6 distinct species of 
aerobic, nonpathogenic neisseria. The 
similar morphology and uniform non- 
pathogenicity prevailing among these 
organisms, coupled with conflicting 
data on description of pigment, colonial 
structure, and activity, 
have raised doubts as to the validity for 


biochemical 


recognition of this number of separate 
species. In contrast to this scheme of 
differentiation, some _ British 
workers (Wilson and Miles, 1946) sup- 
port the establishment of a single 
species, Neisseria pharyngis, for all of 
the saprophytic neisseria, with the pos- 
sible exception of Netsseria catarrhalis. 
These divergent views on the systemat- 


species 


ic relationship of the saprophytic neis- 
seria emphasize the need for their fur- 
ther characterization. 

The effect of basal mediums on carbo- 
hydrate utilization was recently investi- 
gated for a possible explanation of in- 
consistencies noted in the fermentative 
capacity of saprophytic neisseria (Hajek 
et al, 1950). These investigators ob- 


served significant differences in the 


fermentation of carbohydrates incorpo- 
rated in different basal mediums and 


advocated the establishment of one 
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Westcott and 


medium for such biochemical 
studies of neisseria. There is general 
agreement concerning the failure of N. 
catarrhalis to produce acid in any of the 
carbohydrates usually employed for bio- 
chemical differentiation. The fermenta- 
tion of mannite supposedly characteris- 
tic of Neisseria perflava (Breed et al, 
1948) was not confirmed by Pelczar and 
Nemes (1949) for their strains of pig- 
mented neisseria which fermented glu- 


basal 


cose, fructose, maltose, and sucrose. The 
systematic position of Netsseria sicca 
has been questioned, and it has been 
suggested that the sicca species is 
merely a rough variant of one of the 
nasopharyngeal cocci fermenting glu- 
cose, maltose, and sucrose (Wilson and 
Miles, 1946). 

There has been little investigation of 
the serological relationship of members 
of the aerobic, nonpathogenic, gram- 
negative cocci. Wilson and Miles (1946) 
attributed, as the primary reasons, 
autoagglutination and lack of stable 
homogeneous suspensions in saline. In 
the classical presentation of Elser and 
Huntoon (1909), these authors reported 
(1) that none of their chromogenic 
species showed any serological relation- 
ship to the meningococcus, gonococcus, 
or N. catarrhalis by agglutination tests, 
(2) that their three chromogenic groups 
were distinguishable from each other by 
agglutination tests, and (3) that strains 
of N. sicca, N. catarrhalis, and occasion- 
ally members of the chromogenic groups 
autoagglutinated or showed a tendency 
to spontaneous sedimentation in saline 
and normal serum. Branham (1930) re- 
ported Neisseria flavescens, which is 
chromogenic and nonfermentative, to 
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be a serologically homogeneous group. 
The study reported here is a serologi- 
cal investigation of some nonpathogenic 
neisseria to establish any correlation be- 
tween this and other characteristics. 


MATERIALS AND METHODS 

Cultures. —Of the 35 neisseria strains reported 
herein, five strains (9746, 9913, 8193, 8176, and 
7900) were obtained from the American Type 
Culture Collection; two (2AMS and 
1485) from the Army Medical Center; six strains 
(31R, 14, 22, 28, 8, and 17) from the Johns Hop- 
kins University; two strains (155 and 157) from 
Dr. S. E. Branham, National Institutes of 
Health; two strains (MF 1 and MF2) from Dr. M. 
Frobisher, Jr., Communicable Disease Center, 
U.S.P.H., Atlanta; five strains (1196, 0601, 0765, 
0650, and 01197) from McGill University; and 
one strain (54) from State University of lowa. 
rhree strains (GP3, GP16 and F) were isolated 
from the bacterial flora of the pharyngeal region 
of normal guinea pigs, and the remainder (7925, 
12, 24, 10-1, 20-1, 55, 4, 3-1, and 4-2) were isolated 
from the throat of normal humans at the Uni- 
versity of Maryland. Cultures were given species 


strains 


names according to their fermentation reactions 
and pigmentation. Some instances of deviations 
from typical reactions (Breed et al, 1948) were 
encountered; these cultures were assigned a spe- 
cies name most nearly associated with the atypi- 
cal reactions. 

Stock cultures were maintained on cystine 
trypticase agar at 30 C and were transferred at 
three-week intervals. Before a culture was em- 
ployed in a test, it was transferred daily on 
trypticase soy agar for at least one week and was 
maintained thereafter on this medium during the 
test period. 

Cultures of the collection were examined and 
found to conform to the morphological and cul- 
tural description of neisseria. Colonies of each 
organism grown on trypticase soy agar were 
oxidase-positive after 48 hours’ incubation at 
35 C (para-amino dimethylaniline monohydro- 
chloride reagent). On each culture a microscopic 
slide agglutination test (Branham, 1945) was 
performed with polyvalent antimeningococcic 
horse serum. Controls of normal horse serum and 
saline were included with each test. There was no 
evidence of any serological relationship to the 
meningococci. 

Carbohydrate fermentation and pigmentation. 
Strains of the collection were tested for their 
fermentative capacity on five carbohydrates, 
namely, glucose, fructose, maltose, sucrose, and 
mannite. Each carbohydrate was made up as a 


10% solution in distilled water, sterilized by 
Seitz filtration, and then added to previously 
sterilized cystine trypticase agar to give a final 
concentration of 0.5%. Results were recorded 
after 48 hours and again after 7 days’ incubation 
at 35 C. To determine pigment production, the 
growth on Loeffler’s slants was observed after an 
incubation of 48 hours and 7 days at 35 C. 

Serological methods.—Eighteen cultures were 
selected from the collection on the basis of fer- 
mentation reactions and pigmentation. An anti- 
serum was prepared for each culture by intra- 
venous injection of rabbits with living suspen- 
sions. The antigens were saline suspensions of 
growth washed from a 20- to 24-hour trypticase 
soy agar slant with 5 ml of a 0.85% buffered 
sodium chloride solution (pH 7.4). The cell 
suspension, which was prepared on the day of in- 
jection, was transferred aseptically to a sterile 
serum bottle, shaken on a Kahn shaker for 10 
minutes, and then diluted with buffered saline to 
the desired density using a McFarland nephe- 
lometer standard for comparison. Rabbits (in 
duplicate) were injected with increasing doses of 
antigen over a two-week period. During the first 
week 0.5 ml of a 900 million cell suspension was 
given on the first day and 1 ml on the second and 
third day. Rabbits were rested for the remainder 
of the week. The second week’s inoculum con- 
sisted of 0.5 ml of a 1200 million cell suspension 
the first day, 1 ml the second day, 1.5 ml the 
third day and 2 ml the fourth day. A trial bleed- 
ing was made on the fifth day following the last 
injection, and rabbits with satisfactory titers 
were exsanguinated by cardiac puncture. Oc- 
casionally, a higher titer antiserum could be pro- 
duced by injections for an additional week. 

The tube agglutination test recommended for 
the meningococci was followed except for a few 
minor modifications (Branham, 1945). Antigens 
were prepared as indicated above and diluted 
with buffered saline to a density corresponding to 
no. 3 McFarland nephelometer standard (900 
million cells per ml). The agglutination test em- 
ployed the usual procedure of doubled dilutions 
of antiserums (1:20 to 1:10,240) and also the in- 
termediate dilutions of 1:200, 1:400, 1:800, 
1:1000, 1:1600, and 1:2000. Doubled dilutions 
(1:20 to 1:640) of normal rabbit serum and a 
saline control were included with each test. Re- 
sults were recorded without shaking the tubes. 
The titer was ascertained by the degree of clear- 
ing in the supernatant liquid and the amount of 
agglutinated cells. 

The agglutinin absorption technique was em- 
ployed to study the serological relationship of 
certain strains observed to cross-agglutinate. The 
absorption method used was essentially that de- 
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TABLE 1.—Biochemical and pigmentation studies on strains of aerobic nonpathogenic neisseria. 





Species Culture number 





designation 


Pigmentation 





N. flavescens 
. perflava 


’. perflava 


157, 155, 9746 
2AMS, 54, 12, 24, 31R, 
10-1,22, 20-1, 0765, 0601 
14, 17, 28, 8 


- perflava 1196 
1. perflava 7925 

. flava 55, 3-1, 4 
’. sicca 1485, 4-2 
J. sicca 9913 

|. catarrhalis 8176, 8193, 7900, 0650, 
01197, MF1, MF2 

N. species GP3, GP16, F _ 


+, acid; —, no change or alkaline; V, variable. 


scribed by Stuart et al (1940) in the serological 
identification of coliform bacteria. 


RESULTS 

Biochemical and pigmentation studies. 
—The results of biochemical and pig- 
mentation studies are given in table 1. 

All the strains of N. catarrhalis were 
comparable in their morphological and 
biochemical characteristics, but were 
sufficiently different from other strains 
of saprophytic neisseria in their lack of 
fermentative capacity and absence of 
pigmentation to constitute a distinct 
group. The flavescens strains and guinea 
pig isolates (GP3, GP16, and F) demon- 
strated a lack of biochemical activity 
which differentiated them from other 
chromogenic species. The chromogenic, 
fermentative strains varied in their abil- 
ity to utilize carbohydrates and showed 
slight differences in pigmentation. The 
fermentation of sucrose was considered 
in this study as a biochemical differen- 
tiation between the perflava and flava 
species. The flava strains were negative 
in sucrose. The two fermentative strains 
1485 and 4-2 were nonchromogenic and 
gave typical carbohydrate reactions 
for N. sicca (Breed et al, 1948). 

Serological studies —The tube aggluti- 
nation results of 35 aerobic nonpatho- 
genic neisseria in 16 prepared antiserums 
are given in table 2. An agglutination 
titer of less than 1:200 was arbitrarily 


- Yellow 
- Yellow to 
caramel 
Yellow to 
caramel 
Yellow 
Yellow 
Yellow 
White 
White 
White 


Li++++ + +1 
i<t+id+ + +1 
i<tit+<s + +1 


Yellow 


considered as not significant. 

As may be seen from table 2, strains 
of N. flavescens (157, 155, and 9746) 
formed a distinct serological group. No 
cross agglutination between this group 
and any of the other strains of neisseria 
tested was encountered, except for a 
weak reaction with N. perflava 7925 by 
the antiserum prepared against strain 
155. Strain 155 was agglutinated in a 
dilution of 1:200 by the antiserum pre- 
pared against N. perflava 14; however, 
strain 9746, which was identical in all 
other respects to strain 155, demon- 
strated no cross agglutination with anti- 
serum 14. These strains were shown to 
possess similar antigen structure by 
agglutinin absorption experiments. 

The guinea pig isolates (GP16, GP3, 
and F) were comparable in morphologi- 
cal and, biochemical characteristics to 
the flavescens strains but gave no evi- 
dence of serological relationship (table 
2). Except for the agglutination of 
strain GP16 in the antiserum 7925 to 
a titer of 1:320, the guinea pig strains 
showed no serological relationship to 
any of the human strains employed in 
this study. Rabbits inoculated with 
GP16 failed to produce a titer of more 
than 1:200. Furthermore, when other 
strains of the collection were crossed 
with antiserum GP16, no antigenic 
relationship was demonstrated. 

Perflava strains, which have been 
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TABLE 3.—Absorption of N. perflava antiserums with N. perflava strains. 


Antiserum 


Number 


2AMS 


Organism 
used for 
absorption 


Treatment 


Unahsorbed_ 


2AMS 54 





Agglutination titer with N. perflava strains 


? 


400 1600 400 2560 


4 





17 22 


10-1 7925 1196 14 


1000 =65120 5120 2560 





Absorbed 2AMS — 
54 


Unabsorbed 


640 
1280 
320 
3200 


Absorbed 


Unabsorbed 
Absorbed 


Unabsorbed 


% 2000 
Absorbed i 

: Unabsorbed 
Absorbed 
Unabsorbed 

” Absorbed 7925 


U =Unstable suspension in saline. 


characterized as fermenting all or nearly 
all of the five carbohydrates and pro- 
ducing a pigment, constituted another 
serological group. Cross reactions among 
demon- 
strated, but the flava strains and other 
fermentative N. 
demonstrated titers 


perflava strains were easily 


strains, i.e., 


sicca, 
no agglutinin in 
perflava antiserums. The perflava strain 
7925, which does not ferment maltose, 
demonstrated degrees of agglutination 
in some perflava antiserums (12, 24, 
20-1, 22, and 10-1). However, the per- 
flava strains demonstrated only slight 
agglutinability in the antiserum pre- 
pared against 7925. As_ previously 
reported by Elser and Huntoon (1909), 
it also was found that certain chromo- 
genic strains, particularly 20-1 and 22, 
varied in their ability to form stable 
suspensions in saline. This observation 
is indicated in table 2. Strains 0601 and 
0765 were continually rough, and strain 
31R became rough during this study 
and remained so. The close antigenic 
relationship of some of the perflava 
strains, as determined by cross-absorp- 
tion tests, is summarized in table 3. 
Insufficient data were obtained to in- 


2560 2560 $120 1280 5120 


12 


2560 


51 


3200 


2560 


160 


me $120 


80 160 1280 


640 2560 


320 2560 


3200 


20 


1000 800 


2560 1000 


- 160 


640 2560 3200 


640 1280 320 


800 


dicate a serological relationship among 
strains which 


mented some of the carbohydrates but 


those pigmented fer- 
which failed to ferment sucrose, namely 
N. flava. The cross agglutination which 
various strains of N. perflava exhibited 
in antiserums prepared against the flava 
strains 55 and 4 (table 2) is evidence 
of serological relationship of perflava 
strains to these flava strains. The flava 
strains were sufficiently different as to 
from the 
flavescens and perflava groups. 

The two strains of N. sicca, 1485 and 
4-2, which fermented all carbohydrates 


be serologically separated 


and gave no evidence of pigmentation, 
presented serological evidence for the 
possible establishment of another group. 
As shown in table 2, strains 1485 and 4-2 
cross agglutinated; in addition, com- 
plete reciprocal absorption resulted be- 
tween the two strains. The extreme 
variability of strain 9913, labeled N. 
stcca, in its fermentative capacity would 
appear to preclude any serological rela- 
tionship with either the sicca group or 
the chromogenic groups. 

All of the strains of N. catarrhalis 
were observed to spontaneously aggluti- 
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nate in the buffered saline and therefore 
could not be studied by the agglutina- 
tion procedure described. Nevertheless, 
rabbits were injected with the N. catar- 
rhalis strain 8193. This prepared anti- 
serum failed to cross agglutinate with 
any of the other strains of neisseria 
tested. 


SUMMARY AND CONCLUSIONS 


The results presented indicate that 
some of the species of aerobic nonpatho- 
genic neisseria as classified in Bergey's 
Manual (Breed et al, 1948) are serologi- 
cally related. This does not imply that 
all strains of a given species which we 
have studied are serologically identical. 
Neither cross agglutination in an anti- 
serum to the strength of its homologous 
strain nor complete reciprocal absorp- 
tion was always achieved with strains 
considered to be equivalent in biochemi- 
cal and serological characteristics. 

This investigation has considered 
representative strains of each species, 
with the exception of N. subflava, a 
species which was not isolated at the 
University of Maryland and was not 
available in collections known to us. 
The serological differences together 
with biochemical and _ pigmentation 
characteristics suggest certain groups 
among the aerobic saprophytic neisseria. 
The nonchromogenic strains fall into 
two groups: (1) N. catarrhalis and (2) 
N. sicca. The chromogenic strains com- 
prise at least three groups: (1) fermenta- 
tive strains, (2) N. flavescens, and (3) 
guinea pig Pelczar et al 
(1949). 

As previously 


isolates of 


indicated, aerobic 
saprophytic neisseria are primarily dif- 


ferentiated on a basis of chromogenesis 
and carbohydrate fermentation. How- 
ever, the difficulties which arise in the 


interpretation of neisseria pigments and 
the variations in carbohydrate fermen- 


tation necessitates consideration of 
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other characteristics in the classification 
of the neisseria. The results of this 
serological study offer an additional 
means of differentiation, which in gener- 
al can be correlated with chromogenesis 
and carbohydrate fermentation. 

The present observations have not 
altered the general agreement that N. 
catarrhalis, which is nonchromogenic 
and biochemically inactive by usual 
diagnostic procedures, is a valid species. 
Two strains, 1485 and 4-2 (N. sicca), 
were nonchromogenic, fermented the 
carbohydrates glucose, fructose, mal- 
tose, and sucrose, and were serologically 
related. Thus from the results obtained 
with these two strains, N. sicca would 
appear to be a distinct species. 

The designation of a new species, 
Neisseria caviae, for the guinea pig 
isolates (Pelczar, 1951) is substantiated 
by their complete absence of serological 
relationship to the flavescens, perflava, 
or flava groups and by their inability to 
ferment carbohydrates. N. caviae and 
N. flavescens are easily distinguished 
from N. catarrhalis by their chromo- 
genesis. Although differences in pig- 
ments of these nonfermentative species 
was previously indicated (Branham, 
1951), the lack of serological relation- 
ship to N. flavescens was the more reli- 
able means of differentiation of WN. 
caviae. 

In view of the serological data pre- 
sented, the validity of three species 
(N. perflava, N. flava, and N. subflava) 
among the fermentative chromogenic 
strains of aerobic saprophytic Neisseria 
becomes questionable. Fermentative 
chromogenic strains which were sucrose- 
negative (N. flava) deviated  suffi- 
ciently from the serological pattern of 
the perflava group as to be distinguished 
by agglutination tests. However, a sero- 
logical relationship of perflava strains to 
flava strains has been indicated. It is 
suggested, therefore, that the name 
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Neisseria pharyngis be adopted for the 
fermentative chromogenic strains of 
aerobic nonpathogenic neisseria. This 
suggestion is in line with the opinion 
expressed by the British investigators. 
The perflava and flava groups de- 


scribed in this study could be assigned as 
varieties of N. pharyngis. 
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